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ABSTRACT 


The of this thesis is to develop a low cost PC 
based Print Server. This Print Server works on a Centralized 
Shared Server Model. The Central Node is connected to 16 
Secondary Nodes through a 4-vire RS-232C serial interface. 

The Central node software will be executed in 
background interrupt driven node with some user defined task 
running in fore-ground. At the Secondary nodes also, the 
file transmission to central node for printing will be done 
in background interrupt driven node to nininize the CPU tine 
used up for this task. Thus all nodes are efficiently used 
as far as possible. 

The Central Node supports CENTRONICS and DATAPRODUCTS 
Parallel Interface Printers as well as the RS-232C based 


Serial Interface Printer. 



CHAPTER 1 


IHTRODUCTION 


1.1 NEED FOR SERVERS: 

A r«cent trend in Computer Syatems is to distribute 
computation amonfi several physical processors. There are two 
schemes of handlins the above situation , multiprocessor 
systems and distributed systems. [1] 

In the distributed system, processors may vary in size 
and function, including from small microprocessors, 
workstations, minicomputers and large general purpose 
computer systems. There are four major reasons for building 
distributed systems : resource sharing , computation speed- 
up, reliability and communication. Here, in this project, we 
are more interested in resource sharing. 

If a number of different sites with different 
capabilities are connected to each other, then a user at one 
site may be able to use the resource available at another 
site. For example, a user at site-A may be using a Laser 
printer that is provided at site-B. In general, resource 
sharing in a distributed system provides mechanisms for 
sharing files at remote sites, processing information in a 
distributed database, printing files at remote sites, using 
remote specialized hardware devices, such as high-speed 
array processor, and other operations. 
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There are various aieana by which accesa to the shared 
i^^sources is acconpl ished . They are data nifiration, 
coBputation nigration or job nigration. If for instance, the 
conputer becoaes saturated with too auch work at one site, 
the work can be loaded through a distributed systea onto 
another coaputer in the network. Such load-sharing peraits a 
aore even and better utilisation of resources. 

1.2 USING THE PERSONAL COMPUTER AS A SERVER: 

The concept of a server iaplies the use of one or aore 
personal coaputers to perfora specific tasks for a number of 
other PCs. The aost common functions are disk, file and 
print servers. Some vendors also classify a server as one 
that provides an gateway to other networks. [7] 

A disk server provides low-level support, typically the 
basic read and write operations to disk sectors using the 
disk controller commands. In contrast, a file server is a 
higher level support aechanisa, performing such functions as 
lock-out and dynamic allocation of space on the disk. A 
print server is a support mechanism by which that those PCs 
which do not have a printer connected to them directly, but 
can still use a print facility by just being attached to the 
system. 

The PC user have two primary options when selecting a 
server: 

a) a dedicated versus a shared server. 

b) a centralized or a distributed server. 
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The dedicated server has better performance than * 
shared server, since it performs only to one or a few 
specific tasks. A shared server's performance is almost 
always poorer because of the continuous interrupts made to 
its operating system to provide service to multiple users. 
In addition, a shared server shares its disk with multiple 
users, Vhich decreases the actual capacity available to the 
community. A dedicated server is usually more secure than a 
shared server, but it is more expensive. If traffic is not 
high, shared server should be used. 

The selection of server also entails the choice of a 
centralized or a distributed server. A centralized server 
means that one PC is used to provide the service. 
Distributed servers entail the use of more than one PC for 
the support function. 

A distributed server system can be very complex. 
Servers with a large databases, multiple copies of data, and 
short response time on updates require a complex distributed 
environment. If possible, complexities should be avoided 
because of increased risk of system failures, data inconsis- 
tencies, and increased costs. 

One way of implementing centralized server on PC is by 
using the Star Topology as shown in Fig. 1.1. It is easy to 
control, the software is not complex and the traffic flow is 
simple. All traffic emanates from the hub of the site, the 
central site. The central site is responsible for routing 
traffic through it to the other components. The central site 
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is also responsible for fault isolation. Fault isolation is 
relatively simple in a Star Network because the lines can be 
isolated to identify the problem. However, the star topology 
is subjected to potential bottleneck and failure problems at 
the central site. 

1.3 OBJECTIVE OF THE THE THESIS: 

The aim of this thesis is to develop a print server for 
Personal Computer environment. The chosen configuration is a 
centralized server using a star topology. In a Lab. 
environment, where the number of the users are large and a 
large number of PCs are available, it has been seen that the 
providing every user PCs with a separate printers attached 
to them is a very tall order. The coat of a printer is 
comparatively high, so each user PCs could be connected in a 
Star Topology as shown in Fig. 1.1 to central node using COH- 
port of the PC without any extra hardware needed. It has 
been designed using a Hultif unction Universal Asynchronous 
Receiver Transmitter chip (8256) at the central node, while 
at the secondary node the communication is through COM-port 
of PC. The software for print, server is written using a 
shared server approach, thus utilizing the resource In an 
optimum way. 

1.4 ORGANIZATION OF THE THESIS: 

Chapter-2 summarizes the salient points of various 
interfaces implemented in this thesis like RS-232C Serial 
Interface, DATAPRODUCTS and CENTRONICS Parallel Interfaces 


for line printers. 
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Chapter-3 presents the block diafiran level overview of 
how the hardware and software is inpl enent ed in this thesis. 
It discusses each sub-aodules in great details. 

Chapter-4 presents the detail description about the 
hardware impleaented. It also contains the various timing 
constraints on the handshake signals. The chip level 
description of the circuit is given to facilitate the full 
understanding of it. 

Chapter-5 discusses the flowcharts and details of the 
software developed in this thesis. Each of the major 
routines are described in an elaborate manner. 

Chapter-d gives the conclusions and suggestions made 
for some additional features which can be incorporated in 
the Print Server. 

Appendix-A gives the theoretical analysis of the 
average worst case delay to the request from the user by the 
central node. Appendix-B includes the listing of the 
application program written in 'C language for converting 
the Wordstar document files into file which can be 
transferred from the secondary node to the central node. The 
remaining software of the Print Server written in 8086/88 
Assembly language is given in floppy disk. Appendix-C gives 
the circuit diagram and the layout of the cards developed 
for the Print Server . 



CHAPTER 2 


SERIAL AND PARALLEL I/O INTERFACE STANDARDS 

2.1 INTRODUCTION: 

There are nany different types of peripheral devices. 
Many of them are electro-mechanical devices and hence they 
transfer data at a slower rate. One method of transferring 
information to or from a computer is through a serial link, 
i.e. one bit at a time over a single pair of conducting wire 
with each bit occupying an interval of time having a 
specified length. The serial communication can either be 
through asynchronous means where special bit pattern 
separate the characters or synchronous means where special 
"sync” character are used during idle time. One of the most 
popular asynchronous standard is RS-232C Interface which is 
discussed in Section-2.2. 

The other mode of transferring data is through a 
parallel link. It improves the speed of transfer but at a 
higher cost. The Line Printers work at reasonably good speed 
[100 character per second (cps) to 600 line per minute 
(1pm)], and use parallel i/o. Two of the standardized 
Parallel Interface for Line Printers are DATAPRODUCTS and 
CENTRONICS Interfaces. These interfaces have been 
implemented in this thesis and are discussed in sections 2.3 


and 2.4 respectively. 
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2.2 RS-232C SERIAL IITTERFACB: 

2.2.1 Introduction: 

BIA RS-232C la eaaentlally aaae aa the CCITT V.24 
atandard. It ia concerned with aending aerial bit atreaoi 
between Interfacea or tersiinala and coanunlcation equip»ent. 

Modulator / demo dulator circuit called aiodeiea are placed 
at the enda of cooununicat ion linka, ao aa to drive the 
aignala over long dlatancea, not feaaible by direct 
connection of the linea. 

2.2.2 Control Linea and Signaling Levela: 

RS-232C atandard are the definitiona and aymbolic 
repreaentat iona of control linea that run between an 
interface or terminal and ita modem. The definitiona are 
aummarized in Table-2.1 [3]. The connectiona are moat often 
made uaing 25-pin 0-Shell Connectors. 

Only eight linea are normally needed while uaing with 
modema over a direct telephone. For tranamiaaion, a Request 
To Send (RTS) is sent to the modem, which acknowledges by 
Clear To Send (CTS). The transmission begins over Transmit 
Data (TxD) line. For reception, the Received Line Signal 
Detect (RLSD) line is activated by modem at the other end of 
tranamisaion link. The reception begins over Receive Data 
(RxD) line. The Data Set Ready (DSR) line indicates that the 
modem is turned on and is in its data mode. This line has to 
be on while transmitting or receiving. On a switched system, 
signals are sent to modem over Data Terminal Ready (DTR) 
line to control the switching of modem ao that a link ia 
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established. The Ring Indicator (RI) line is activated by 
the noden to indicate to the interface that noden is 
receivine a rin£ing signal. 

There RS-232 Line Drivers to convert TTL. level signals 
to RS-232 levels, similarly RS-232 Line Receiver vili do 
vice-versa. A TTL level "1" signal is converted into -12V 
(ranging from -3V to -2SV) and TTL level "0” signal is 
converted into +12V (ranging from +3V to +25V). The range 
from -3V to +3V is considered as an indeterminate region. 
The TxD and RxD line will be in^ Harking state (logical 
level=l) during idle time and transmission starts with one 
bit going to Space state (logical level^O). 

2.2.3 Null Hodem: 

The term ’Null Modem’ implies absence of a Modem. Most 
RS-232 equipment are expected to be attached to telephone 
system using a Modem. If a computer is connected to printer 
which located close-by, then there is no need of Modems. 

The null modem cable reverses, or swaps connections. 
The transmitted data (TxD) line of one is connected to 
received data (RxD) line of other interface and vice-versa. 
CTS of one interface is swapped with RTS of another 
interface. D5R and DTR are similarly swapped. The null modem 
is shown in Fig. 2.1. 

2.3 DATAPRODUCTS PARALLEL INTERFACE: 

This interface is similar to CENTRONICS Interface, an 
6-bits per byte parallel TTL compatible interface. The 
interface pin definitions are described in Table-2.2 [8]. 
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In this interface, the data which is put out by the host is 
latched on the leading edge of a STROBE signal. Once the 
STROBE signal becoaes high, the DATA REQUEST line is lowered 
by the printer. It aeans that printer is busy with the data 
and no new data can be accepted. The STROBE line is then 
automatically lowered. Once the data is processed by the 
printer, the DATA REQUEST line is raised high, this normally 
triggers an interrupt. So the host will again output a byte 
and latch it on rising edge of STROBE. The interface signal 
timings are shown in the Fig. 2. 3. 

The status information of the printer like READY and 
ON-LINE are also made available. If READY and ON-LINE are 
both low, then the data put out by the host is lost. Hence 
on power-on initialization, READY and ON-LINE is made high, 
which after some time makes DATA REQUEST line low and the 
whole process can begin. 

2.4 CENTRONICS PARALLEL INTERFACE: 

This interface is an 8-bits per byte parallel TTL 
compatible interface. It uses 6-bit ASCII superset data 
transfer code without parity check and is connectable via an 
Amphenol 57-40360-12-D56 female connector to most of the 
hosts using this Interface. The Interface pin assignments 
and definitions are described in Table-2.3 [10]. 

The interface signal timing is shown in Fig. 2. 2. Each 
character transmitted to the printer must be clocked by a 
-STROBE signal. Uhen -STROBE is received, it sets the BUSY 
signal high to Inform the host that the printer is no longer 
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able to receive further data. Uhen the character has been 
processed, an -ACK is sent and BUSY is nade low to inforn 
the host that further data can be sent. 

Uhen the printer is powered on, a high level BUSY 
signal is output through the interface until the printer is 
put in the ready state to accept data. At the end of the 
initialization an -ACK pulse is sent to the host before 
lowering the BUSY signal. 

In the nornal node of interface, either BUSY and STROBE 
or ACK and STROBE are used for two-wire handshake control 
signals. In this project, ACK and STROBE are used for 
handshaking. Few other lines as described in Table-2.3 
provides the printer with status infornation. 
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TABLE 2.1 : RS-232C COHTEOL LIKE DEFIKITIOKS £3] 


SYMBOL 

EIA [CCITTl 

PIN 

NAME 

DESCRIPTION 

AA 

[101] 

1 

Chase ia 
Ground 

Equipment Ground 

AB 

[102] 

7 

Signal 

Ground 

Common ground for all signals. 

BA 

[103] 

2 

Transnit 

Data 

Output data to modem. 

BB 

[104] 

3 

Receive 

Data 

Input data from modem. 

CA 

[105] 

4 

Request 

To Send 

To turn modem’s transmitter ON 
and OFF during half duplex. 

CB 

[106] 

5 

Clear 

To Send 

Modem indicates it is ready to 
transmit . 

CC 

[107] 

6 

Data Set 
Ready 

Modem indicates it is not in 
test mode. 

CF 

[109] 

8 

Rec. Line 
Signal Det. 

Modem indicates it is receiving 
. signal from other end modem. 

CD 

[108/2] 

20 

Data Term- 
inal Ready 

Prepares modem to be connected 
to communication link. 

CE 

[125] 

22 

Ring Indi- 
cator 

Modem indicates ringing signals 
detected on link. 

CG 

[110] 

21 

Signal 

Qual. Det. 

Modem activates when low prob- 
ability of error in rec. data. 

CH 

[111] 

23 

Data Sig. 
Rate Select 

Indicates to modem one of two 
synchronous data rates. [DTE] 

Cl 

[112] 

25 

f f 

Modem indicates to interface 1 
of 2 syn. data rates. [DCE] 

DA 

[113] 

24 

Trans. Sig. 
Eln. Timing 

Provides modem transmitter 
with signal timing. [DTE] 

DB 

[114] 

15 

f f 

Modem provides interface with 
transmitter signal timing. [DCE] 

DD 

[115] 

17 

Race. Sig. 
Elm. Timing 

Modem provides interface with 
signal timing. 
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TABLE 2.1 [Continued] 


SYMBOL 

EIA [CCITT] 

PIN 

NAME 

DESCRIPTION 

SBA[118] 

14 

Secondary 
Trans. Data 

To modem for outputting low 
rate data. 

SBB[119] 

16 

Secondary 
Rece. Data 

From modem for inputting low 
rate data. 

SCA[120] 

19 

Secondary 
Req.To Send 

To modem to turn on modem’s 
secondary transmitter. 

SCB[1211 

13 

Secondary 
Clr.To Send 

Modem indicates secondary 
transmitter is ready. 

SCF[122] 

12 

Sec. Rec. Modem indicates signal is 

Line.Sig. Det . detected on sec. link. 
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TABLE 2.2 : DATAPRODUCTS irTERPACE PIN DESCRIPTION 


SIGNAL CONNECTOR DESCRIPTION 


DATA REO- 


DATA STB 


DATA-1 
DATA- 2 
DATA- 3 
DATA- 4 
DATA- 5 
DATA- 6 
DATA- 7 
DATA- 8 

VFU CONT. 


READY 


ON-LINE 


INTERFACE 

VERIFY 


+ 5V DC 


E ( C ) 


J 

( 

m 

) 

B 

( 

D 

) 

F 

( 

J 

) 

L 

( 

N 

) 

R 

( 

T 

) 

V 

( 

X 

) 

Z 

( 

b 

) 

n 

( 

k 

) 

h 

( 

e 

) 

P 

( 

s 

) 

CC( 

EE 

) 

y 

( 

AA 

) 


X to V 

HH 


Sent by Printer to synchronise data 
transnission . Remains true until 
DATA STB. is recv., goes low by lOOnS 

Host indicates to Printer to accept 
information on data lines. Should 
remain true till DATA REQ. goes low. 
Data-1 is least significant bit 
while Data-8 is most significant bit 


Optional control from host. Used for 
VFU Control . 

Printer sends it when no error condi- 
tion exists. 

Printer indicates it when operator 
has activated ON-LINE while READY is 
active. Enables interface activity. 

Jumper in Printer connector. Conti- 
nuity informs host that conn. is o.k. 

Supply voltage for exerciser only. 
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TABLE 2.3 : CENTRONICS INTERFACE PIN DESCRIPTION 


NAME 

Sift. Ret. 

SOURCE 

DESCRIPTION 

-STROBE 

1 

19 

Hoat 

Signal controlling data trana- 
tnlaslon, lasts for nln. of luS. 

DATA-1 

2 

20 

t f 

Data Blt-1 la the least algnl- 

DATA- 2 

3 

21 

f f 

flcant bit while Data Blt-8 la 

DATA- 3 

4 

22 

9 9 

the nost significant bit. The 

DATA- 4 

5 

23 

9 9 

data signal must be stable from 

DATA- 5 

6 

24 

9 9 

luS before STROBE goes low to 

DATA- 6 

7 

25 

9 9 

luS after STROBE goes high. 

DATA- 7 

8 

26 

9 9 


DATA- 8 

9 

27 

9 9 


-ACK 

10 

28 

Printer 

Indicates data has been recv. 

It lasts for 2.5uS to 6.6uS. 

BUSY 

11 

29 

Printer 

Indicates printer not ready to 
receive data. 

PE 

12 

14 

9 9 

Indicates printer has run out 
of paper. 

SLCT 

13 

- 

9 9 

Indicates READY has been sel- 
ected and printing can occur. 

-PRIME 

31 

30 

Host 

Not used. 

-FAULT 

32 

- 

Printer 

Indicates printer Is OFF-LINE. 

-SLCT IN 

36 

- 

Hoat 

Hardware grounded In Printer. 

+ 5V DC 

18 

- 

Printer 

Can source upto lOOnA current. 

Chs. GND 

17 

- 

- 

Frane ground. 

Sift. GND 

- 14 

,16,33 

- 

Conaon ground signal 
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HARDWARE AND SOFTWARE : A BLOCK LEVEL OVERVIEW 

3.1 INTRODUCTION : 

In a microcomputer system based on a Star 
Configuration, one microcomputer acts as a central node 
(master), having separate lines connected to all other 
microcomputers ( slaves ) as shown in Fig. 3.1. Typically, 
when node-A wants to send a message to node-B, a Request To 
Send (RTS) message is sent to the switch-S ( master ) which 
in turn will establish a path to node-B only on receiving a 
Clear To Send (CTS) message from node-B. Many star- 
technology based systems [6] operate in a two-level 
hierarchical model, where the central switch works as a 
message switch, as well as a general-purpose data processing 
facility. The interface between the master and slave nodes 
is over a 20-mA current loop serial or RS-232 serial 
interface, asynchronous or synchronous bit line. The central 
switch function is more complex in a star configuration than 
in a bus-based system since the controller has to control a 
larger number of message paths concurrently. 

The Interrupt Driven Centrally Controlled Bus has 
separate control lines as shown in Fig. 3. 2. The controller 
receives ra^ndom requests from nodes which are ready to 
transmit data and queues them up. In this system, a 
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Request To Send (RTS) aessaice is sent spontaneously by the 
sending node to the controller which then sends an 
acknovledgnent to the requesting node. If no acknowledgnent 
is received after a random delay, the sending node re- 
transmits the request. 

In a Slotted Centrally Controlled Bus system, time is 

divided into Intervale called slots. The transmitting node 

sends a message in its assigned time-slots. The controller 

N 

assigns slots uniquely to nodes based on a 2 evenly spaced 
slots in a given time frame. The service request from a node 
is made in the slot dedicated to it. 

The hardware and software implementation for the Print 
Server described in this thesis implements an integrated 
approach wherein it incorporates many of the characteristics 
of the below three methods, i.e. 

a) Star Topology 

b) Interrupt Driven Centrally Controlled Bus 

c) Slotted Centrally Controlled Bus 

The central node and the secondary node are physically 
connected in a star topology using RS-232 serial link 
interface. This interface uses 2-wire handshake with Duplex 
communication facility. The Request To Send (RTS) message is 
sent by secondary node using separate control lines of 
central node to interrupt it when needed. The central node 
uses IfUART’s (8256) timer to divide the time into various 
slots. The Request To Send (RTS) message or signal from the 
secondary node is accepted only during its assigned slot. 



The central node sends an acknovledgaent to the requestinfi 
node and allows the link to be used by the request infi 
secondary node to download the whole file which has to be 
printed on the printer attached to the central node. 

The central node achieves data flow control using 
Clear To Send (CTS) signal. The central node will make the 
CTS line inactive to inhibit the data from being sent by the 
secondary node when its buffer can overflow while making CTS 
line active when it wants to allow the data to be obtained 
from the secondary node. The buffer management at central 
node is done using pointers and flags with circular buffer. 
3.2 BLOCK LEVEL DESCRIPTION OF HARDWARE: 

3.2.1 Introduction: 

As shown in Fig. 3. 3, the block diagram of the Print 
Server Controller is made up of the following six sub- 
blocks : 

a) Duffer module for address, data and control bus. 

b) Multiplexed address/data module for 8256. 

c) Decoder module for 8255 and 8256. 

d) Main module of the controller. 

e) Mux. /Demux, module for serial interface. 

f) Line driver and receiver module. 

The brief description of each module is given in this 
section. 

3.2.2 Buffer Module: 

The buffered signals available on I/O channel of PC can 
drive only two Low-power Schottky ( LS ) TTL loads per I/O 
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channel alot, hence it is a standard practice to buffer the 
signals which are used in the card. The address bus (only AO 
to A9 are needed for partial i/o decoding), data bus 
(DO to D7) and various signals from control bus are 
buffered. The buffered control signals are I/O READ (-IOR), 
I/O URITE (-IOU), System Clock (CLK), Address Latch Enable 
(ALE), System Reset (RESET) and Address Enable (AEN). Data 
bus is buffered using bi-directional buffers (74LS245), 
while Address and Control buses are buffered using 
unidirectional buffers (74LS244). The block diagram of 
Buffer module is shown in Fig. 3. 4. The unidirectional buffer 
is enabled permanently, while the bi-directional buffer is 
enabled by a signal generated using chip select, -lOR and 
-lOU. The detailed discussion is given in Chapter-4. The 
direction of bi-directional buffer is controlled by -lOR 
signal. Thus in the inactive state, the buffer is in the 
write mode for the processor and contention on data bus is 
avoided. 

3.2.3 nultiplexed Address/Data Module: 

The INTEL 8256 Multifunction Universal Asynchronous 
Receiver Transmitter (MUART) is designed to be used for 
serial asynchronous communication while providing hardware 
support for parallel I/O, timers and interrupt control. Its 
versatile design allows it to be directly connected to iapx- 
86 or iAPX-88. It requires multiplexed Addrese-Data bus from 
8086/88 processor and ALE signal for address latching. In 
the I/O channel the address and data bus are de-multiplexed 
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S.S required by other peripheral chips. To resolve the above 
problem the address and data buses are re-multiplexed, the 
-lOR and -lOU signals are delayed properly and ALE signal is 
regenerated. The block level diagram of Multiplexed module 
is shown in Fig. 3. 5. 

The card inserts two wait states between clock states 
T3 and T4 of processor machine cycle. The system board of PC 
inserts one wait state for any I/O operation not on system 
board, hence the wait state logic of the card pulls the I/O 
Channel Ready (I/O CH RDY) line of I/O channel low for two 
T-states and in effect increasing one more wait state. As a 
result of it -lOR and -lOU signals are elongated. The ALE 
signal used by system board to de-multiplex the address-data 
bus is again needed by 8256 at slightly later time for 
address latching of the re-multiplexed address-data bus. As 
a result ALE has to be freshly regenerated to meet 8256 
specification. The -lOR and -lOU signal are delayed by one 
T-state by using a Latch circuitry. The 8256 Read (-RD) and 
8256 Unite (-UR) is generated using -lOR and -lOU and their 
delayed version. The chip select, -lOR and -lOU are used to 
generate Buffer Enable ( X and -X ) signals. The X and -X 
signals are complementary signals and are used to switch 
either address buffer or data buffer, thus when address 
buffer is open the data buffer will remain closed and bus 
contention at 8256 end is avoided but simultaneously 
generating multiplexed address-data bus. 
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3.2.4 Addreas Decoding Module: 

The 8256 MUART has 16 addreaaable registers and 8255 
chip has 4 addressable registers. Uhen 8256 is connected to 
INTEL 8086/88 system the chip select has to be qualified by 
address bit AO = 0, thus it requires all 16 I/O address at 
even locations. The prototype card slot on which this card 
is designed provides 32 contiguous I/O locations. The 8256 
uses all the even numbered I/O locations in the prototype 
card, hence 8255 has to be configured at 4 odd numbered I/O 
locations. A partial address decoding is done in the card as 
recommended in IBM PC/XT Technical Reference Manual [9]. The 
address decoding is qualified by AEN signal to prevent the 
card from responding when DMA floats the same I/O address. 
The block diagram of address decoding module is shown in 
Fig. 3. 6. The Schottky version of decoder chip (74S138) is 
used to make the propagation delay minimum. 

3.2.5 Main module of the controller: 

The MUART 8256 chip is used for serial asynchronous 
communication, for timing of events, for parallel 1/0 and 
for interrupt control of various events. The 8255 Parallel 
Peripheral Interface (PPI) chip is used for parallel I/O. 

The serial asynchronous communication and timer 
operation of 8256 needs a clock to feed the five timers and 
the baud rate generator. This clock has to be 1,2,3 or 5 
multiples of the internal clocking frequency (1.024 MHz), so 
a crystal of 6.144 MHz is used alongwith a clock generator 
chip (8284-A). The clock generator gives a clock output of 
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1.024 MHz which is equal to the internal clocking frequency. 
The serial coasiunication lines (TxD and RxD) of 8256 is used 
alongvith two port pins of 8256 acting as Request To Send 
(-RTS) and Clear To Send (-CTS) to accomplish the 2-wire 
handshake protocol for serial I/O communication. The re- 
multiplexed address-data bus is connected to 8256 address- 
data lines. 

The parallel port-2 .of 8256 is used as an output 
handshake mode with port-1 pins working as a handshake 
lines. The port-2 is used for DATAPRODUCTS Parallel 
Interface Line Printer. The port-1 is bit programmable I/O 
port with 2 lines as input and remaining 6 lines as output 
pins. The 4 lines amongst the 6 output lines is used for 
serial channel selection and 1 line working as -CTS line. 

The 8255 PPI has three 8-bit ports : Port-A and Port-B 
is used in simple output mode without handshake signals for 
two CENTRONICS Interface Line Printers. The Port-C is used 
as control and status port. The CENTRONICS Interface 
requires STROBE pulse and generates ACKNOULEDGE pulse. The 
acknowledge pulse is latched and its level is stored on one 
of the Port-C pin and clearing of the latch is done by 
pulsing one of the other Port-C pin. 

3.2.6 Mux. /Demux. Module for serial interface: 

The 8256 MUART support only one serial 1/0 
communication channel. Here it is required to serve 16 
serial I/O channel using only 8256 MUART, so multiplexing 
the signals from the 16 channel is required. The 16 
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secondary node will coaiounicate with the central controller 
on their TxD lines, as a result 16 TxD lines of secondary 
node is nultiplexed using 16 to 1 Multiplexer and the output 
is fed to RxD line of 8256 HUART. Similarly 16 secondary 
node send the request for transmission on -RTS lines, this 
is again multiplexed by 16 to 1 Mux. and fed to one of rhe 
input pin of Port-1. 

The 8256 MUART transmits data to secondary node on its 
TxD line. It has to communicate with any one of the 16 
secondary nodes on their RxD lines. Hence the TxD line of 
6256 MUART is fed to a 1 to 16 De-multiplexer which then is 
connected to 16 RxD lines of secondary nodes. Similarly 8256 
MUART sends the clear to transmit signal to secondary node 
on one of the output pin of Port-1 which is de-multiplexed 
by 1 to 16 Demux, and sent on -CTS lines of secondary nodes. 
The address selection of one of the serial channel is done 
through 4 lines of Port-1. The block level diagram of the 
Mux. /Demux, module is given in Fig. 3.8. 

3.2.7 Line Driver and Receiver Module: 

The secondary node and central node conununicate through 
a cable supporting RS-232C standard. The inputs to central 
node from secondary node are at RS-232 levels while the card 
works on 7TL levels, so Line Receiver [1489] chips are used 
to do the level translation. The outputs from central node 
to secondary nodes are at TTL levels which have to be 
converted to RS-232 level using Line Driver [1488] chips. 
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The parallel porta of 8256 MUART and 8255 PPI are 
connected to Line Printera by a flat ribbon cable. The 
parallel port cannot drive auch a long cable, hence the 
aignala are buffered by TTL Line Driver [8282] chipa. The 
block level diagraa of the thia nodule ia ahown in Fig. 3. 9. 
3.3 BLOCK LEVEL DESCRIPTION OP SOFTWARE: 

3.3.1 Introduction: 

The aoftware required at central node and at aecondary 
nodes are of different dimenaiona, hence they are developed 
in different ways and ao deacribed in different aub-sect ions . 
The server is based on centralized Shared Server nodel . The 
program ia loaded into the memory at the time of system 
initialization and made resident in memory. 

3.3.2 Central Node Software: 

The block diagram of the central node software is ahown 
in Fig. 3. 10. The aoftware is made up of two separate modules 
each containing several procedures. The modules are 
identified by dotted box while the procedures are identified 
by solid box. Two or more procedures connected by a solid 
line means the procedure above calls the below procedure. 
The procedures without any solid lines connected are 
interrupt procedures. They are executed only when interrupt 
occurs on IRQ''2 line of I/O channel. 

The Print Server uses normal priority of 8256 HUART and 
uses polling schemes for 8255 PPI requests. The priority of 
the interrupt procedures are: 
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a) Debounce Timer Highest 

b) Receiver Time-out 

c) Receiver Interrupt 

d) Transmitter Interrupt 

e) Scan Timer 

£) Line Printer Interrupt Lowest 

The I/O channel doesn’t provide for cascading of slave 
interrupt controller and since only one Interrupt Request 
(IRO-2) line is available we program the 8256 MUART in 
Normal Node instead of Nested Mode. At any given time only 
one interrupt source for 8256 HUART exists, so there is no 

problem of starving out any lower priority interrupts. 

Uhenever the interrupts of 8256 HUART are invoked the 
request from the CENTRONICS Line Printer is checked by 
reading the Port-C of 8255. Thus printers are not really 

working on interrupt mode. During idle time Scan Timer 

interrupt occurs every lOmS and during busy time Receiver 
Interrupt will occur whenever bytes are received, thus 
printer requests are met accordingly without much 
degradation in printing speed. 

On power-up or during software reset, AUTOEXEC.BAT 
batch file is executed. In this batch file the MAIN_MODULE 
is also executed. The IIAIN_MODULE checks for a global flag 
stored at a fixed memory location. If the flag is found then 
the resident portion of the program is not re-loaded in the 
memory to prevent memory wastage due to multiple copies of 
the program, but if the flag is not found then it sets the 
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global flag, initializes the 8256 MUART and 8255 PPI chipa 
and various other flags, variables and arrays, initializes 
the vector table for IRQ-2 [INT OAH] and finally loads the 
resident portion of the progran into nenory. The control is 
passed back to the COMMAND. COM and rest of the AUTOEXEC.BAT 
batch file is executed. 

The server scans the 16 serial ports for a -RTS in 
sequential ordering. After every ninislot tiae interval 
(lOaS), CPU is interrupted which checks for active -RTS 
line. If after a fixed number of ninislots for a particular 
channel is over, the server begins scanning of the next 
channel. If -RTS becomes active during one of the minislot 
time interval, then Debounce Timer Interrupt is enabled. 
After one minislot Debounce interrupt will occur and -RTS 
line is again checked to see if the line is still held 
active. If it is held active then the request for 
transmission is valid and receiver of 8256 MUART is enabled 
and -CTS line is made active, but if —RTS line had become 
inactive at second checking then it infers that the request 
was an invalid one and so server resumes back to scan 
operation. 

Once the receiver is enabled and the time-out timer is 
enabled, when the byte is received the Receiver interrupt 
occurs. If the byte is received in error then the error 
variables are updated, else the received byte is stored in 
appropriate buffer arrays. The time-out timer will be re- 
loaded with the old value. During each file transfer the 
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central node and secondary node establishes the link at a 
pre-defined baud rate, character length and stop bits per 
byte. This baud rate is selected such that the error 
probability is siininuiD and so data bytes are normally 
received without any errors. The control packet of packet 
size equal to 8 bytes is sent by secondary node at the 
beginning of the transmission. The control packet contains 
the information about the baud rate, character length and 
stop bits at which the data packet will be sent and so the 
central node will re-program its serial interface at the 
user defined value and data bytes are received and stored in 
data array. 

Uhen the time-out interrupt occurs, the central node 
understands it as the end of the file transmission and so 
disables the receiver and sends a message packet of 8 bytes 
at default serial interface specification. The control 
packet and message packet are supposed to reach the receiver 
with no error while the data packet can be sent at higher 
speed with slight increase in error. 

Uhen the first byte is received, printer requests are 
enabled by clearing the latch associated with 8255 PPI. Now 
henceforth any request occurring due to printer connected to 
8255 PPI ports will be serviced by any interrupts of 8256. 

A circular buffer of 60k size is used for data storage. 
There are two pointers, one updated by receiver interrupt 
while the other updated by the printer routine when it is 
served. The status of the buffer is kept in a 3-valued 
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variable. Uhen a pointer updated by receiver interrupt 
catches up with the printer pointer and the buffer status 
will indicate it as FULL and data reception is inhibited to 
prevent buffer overflow. If the pointer updated by printer 
routine catches up with the pointer updated by receiver 
interrupts then the buffer status will indicate it as EMPTY 
and printer request will be disabled to prevent buffer 
underflow. 

3.3.3 Secondary Node Software: 

The block dia£ran of the Secondary Node Software is 
shown in Fig. 3. 11. This software is also nade of two 
modules. On power-up or during software reset the 
HAIN_nODULEl will be executed inside AUTOEXEC.BAT batch 
file. nAIN_nODULEl checks for global flag to prevent 
multiple copies of the resident portion of program in 
memory. If it doesn’t finds the flag then the flag is set 
and vector table for IRO-3, IRQ-4 and INT 63H will be 
initialized and the resident portion of the program is kept 
in the memory. The control goes back to COIDIAND.COn and rest 
of the AUTOEXEC.BAT file will be executed. 

Uhen the user at the secondary node wants to print a 
file, a software interrupt INT 63H will be invoked. The 
interrupt service routine will check if any print process is 
going at that node. If not, then interacts with user over a 
keyboard and obtains the filename and user defined serial 
interface for data packets. The file is read at one shot and 
stored in a 58Kb buffer. The 8250 is programmed in the 
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default serial specification and activate its -RTS line. 
Uhen the central node acknowledges its request by sending 
active -CTS signal then control packet is transaitted. The 
8250 will be programmed into the user specified serial 
interface and begins data packet transmission. Uhen the data 
packet is completely received the central node will time-out 
after some time. The secondary node will receive message 
packet containing information about the number of bytes 
received and number of bytes were in errors. This 
information can be useful for network management. 

The buffer is a FIFO implementation with one pointer 
only. The buffer size is of 58Kb, hence any file of size 
less than 58k will be read and transmitted without any 
problem. The file having size over 58Kb will have its first 
5dKb read and transmitted. This restriction on file size is 
not so severe because generally the printable files are of 
size less than 58Kb. 
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PRIMT SERVER ; A HARDUARE DESCRIPTION 

4.1 INTRODUCTION: 

This chapter deals with the detailed description of how 
the hardware for Print Server was inplenented, alonfiwith the 
timing considerations. The details of specific chips like 
8284-A CLOCK GENERATOR, 8256 NUART AND 8255 PPI are given in 
the INTEL Peripherals Handbook [8]. The logic diagram for 
each block is given alongwith the chip numbers as far as 
possible so that it becomes easy to refer the actual circuit 
diagram provided in the Appendix-C. The name of each of the 
signals is given and the Figure number where it originates 
is given in the bracket. 

4.2 BUFFER NODULE: 

4.2.1 Brief description of I/O Channel: 

The I/O Channel is an extension of the 8088 
microprocessor bus. It is however, de-multiplexed, re- 
powered, and enhanced by the addition of interrupts and 
direct memory access (DNA) functions. 

The I/O Channel contains an 8-bit, bi-directional data 
bus, 20 address lines, 6 levels of interrupt, control lines 
for memory and I/O read or write, clock and timing lines, 3 
channels of DNA control lines, memory refresh timing control 
lines, a channel -check line, power and ground for the 
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adapter. Four voltage levels : +5V DC , -5V DC ,+12V DC and 
-12V DC are provided for the I/O cards. 

The I/O devices are addressed using I/O mapped address 
space. The channel is designed so that 768 I/O device 
addresses are available to the I/O channel cards. The I/O 
channel is re-powered to provide sufficient drive to all 8 
expansion slots, assuming two LS loads per slot. 

A short description of signals that are utilized in the 
card is given in Table-4.1. A diagram of I/O Channel is 
shown in Fig. 4.1 and the signals which are used has been 
marked in the diagram. 

4.2.2 Description of Address - Data Buffering : 

There are 10 address lines (AO to A9) and 6 control 
lines (CLK, ALE, AEN, -lOR, -lOU and RESET) to be buffered 
and all of them are unidirectional in nature (output from 
I/O Channel), hence two buffers (74LS244) are required for 
buffering them. These buffers are enabled continuously and 
hence the buffered signals are delayed by propagation delay 
(18nS maximum) of the chip. As shown in timing diagram 
(Fig. 4. 3), the falling edge of ALE occurs within ISnS of the 
rising edge of CLK in T1 state. This falling edge of ALE is 
used by the system card to de-multiplex the address-data bus 
and so the address is available at the address lines of I/O 
Channel at most by 33nS with respect to (w.r.t.) the rising 
edge of the CLK in T1 state. As a result the buffered 
address bus is available in the card at most by the end of 
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TABLE 4.1 : I/O CHANNEL DESCRIPTION 


SIGNAL 

SOURCE 

DESCRIPTION 

CLK 

Output 

System Clock: It has a period of 210nS 

The clock has 33t duty cycle. 

RESET DRV 

» 9 

This line is used to reset or initial- 
ize system logic upon power-up or dur- 
ing a low line voltage outage. This 
signal is synchronized to clock edge 

AO - A9 

9 f 

Address bits 0 to 9 : These lines are 
used to address I/O devices within the 
card. They are active high. 

DO -D7 

I/O 

Data bits 0 to 7 : These lines provide 
data bus bits 0 to 7 for the processor 
memory and I/O devices. 

ALE 

Output 

Address Latch Enable: This line is pro- 
vided by the 8288 Bus Controller and is 
used on system board to latch valid add- 
ress from processor on falling edge of elk 

I/O CH RDY 

Input 

I/O Channel Ready: This line, normally 
high (ready), is pulled low (not ready) 

.by I/O device to lengthen I/O cycles. 

Any slow device will drive it low imme- 
diately upon detecting a valid address 
and a read or write command. 

IRQ2 

Input 

This line is used to signal the proc- 
essor that an I/O device requires atte- 
ntion. An interrupt request is generated 
by raising IRQ2 line (low to high) and 
holding it till processor acknowledges. 

-lOR 

Output 

It instructs an I/O device to drive data 
onto the data bus. 

-low 

9 9 

It instructs an I/O device to read data 
from the data bus. 

AEN 

9 9 

When it is high, DIIA controller has 
control over the I/O channel. Hence it 
is used to de-gate the processor from 

I/O channel during DIIA operation. 
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The bufferinft of data bus ia not so straight-forward 
because the signals are bi-directional in nature and so the 
card can also drive this signal which can sonetiines cause 
data contention on bus. There are 8 data lines to be 
buffered, hence one bi-directional buffer (74LS245) as shown 
in Fifi.4.2 is sufficient. The direction of this buffer is 
controlled by a modified version of -lOR signal, namely 
-lOR’ (discussed in Section-4.4). This signal is normally 
high, so the buffer is placed in the write mode for 8088 
processor and thus bus contention is avoided. Uhen a 
specific I/O read has to take place, this signal goes low, 
reversing the buffer direction such that the card can put 
out data onto the data bus. This buffer is to be enabled 
only when specific I/O read or write occurs, so the enable 
pin of the* buffer is controlled by signal -ENB (discussed in 
Section-4.4) generated by -lOR, -lOU and Chip Select (-CS). 
Thus the card is de-gated unless I/O operation for that card 
is required. The relevant logic diagram is shown in 
Fig. 4. 2. 

4.3 ADDRESS DECODING LOGIC: 

The prototype card I/O space is restricted between 
0300H to 031FH, thus 32 I/O locations are available. 


Normally 

full I/O decoding would be 

done , 

but 

the 

I/O 

Channel 

of IBH PC/XT is designed such 

that 

only 

768 

I/O 


devices are supported, hence a partial I/O decoding is done. 
The I/O card in the I/O channel should not respond when DlfA 
Controller is controlling the system bus, so we use AEN 
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sifinal to de-gate the card during DMA operations. The 
address decoding scheme is shown below: 

AEN A9 A8 A7 A6 AS A4 A3 A2 A1 AO 
300H - 31FH 0 1 1 0 0 0 x x x x: x 

There are 6 signals to determine the chip selection. A 
3 to 8 line decoder (74S138), shown in Fig. 4. 4, chip has 3 
control pins and 3 select pins to determine the decoded 
output, the select pins S2= A7=0, Sl= A9=l and S0= AEN=0 are 
used so the decoded output will be available on -T2 pin. The 
decoding is enabled when -G2A, -G2B and G1 are active, hence 
-G2A= A5=0, -G2B= A6=0 and Gl* A8=l are used. This chip 
select -CS is used for 8256 MUART, while 8255 PPI has odd 
I/O location from 301H to 307H so the chip select of 8255 
PPI (-CS1) is generated by -CS and -AO signals. The logic 
diagram is shown in Fig. 4. 4. 

As shown in timing diagram (Fig. 4. 6) the -CS signal is 
obtained at most by 62nS (51nS for buffered address + llnS 
for propagation through decoder chip) w.r.t. to the rising 
edge of CLK in T1 state, thus it becomes available somewhere 
in T2 state. 

4.4 MULTIPLEXED ADDRESS/DATA MODULE: 

This module consists of three sub-modules, which are 
separately discussed in this section. The sub-modules are 
for the following: 

a) Uait State Logic 

b) Generation of Control signals for 8256 

c) Address-Data Multiplexing 
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4.4.1 Ualt State Logic: 

It is required to insert tw>j wait states whenever the 
-CS occurs. The wait state generator is obtained by using 
one D Flip-Flop (74S74) and few other gates. The D Flip-Flop 
(f.f.) of Schottky version is used to reduce the propagation 
delay. The f.f.-l of Chip-Ul as shown in Fig. 4. 5 is cross- 
coupled with f.f. -2 of the sane chip. The f.f.-l's CLR input 
and f.f.-2's PRESET inputs are connected such that outputs 
of f.f.-l (i.e. -Ql) and f.f. -2 (i.e. -Q2) are set and 

reset respectively at each machine cycle when ALE or RESET 
occurs. Normally -CS is inactive, so D-input of f.f.-l (i.e. 
Dl= CS * 02) is low and as a result I/O CH RDY line (i.e. -Ql) 
stay high and no extra wait states are inserted. Uhen -CS 
occurs, then I/O CH RDY line goes low for roughly two clock 
states as is explained in step-wise form in Table-4.2 with 
the help of timing diagram shown in Fig. 4. 6. 

If -CS goes low in T2 , then it inserts two waits by 
lowering I/O CH RDY line du]|ing middle of T3 and holding it 
in TUI. If -CS is high in T3. no wait states are inserted. 
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4.4.2 Generation of Control Siftnale of 8256 MUART: 

The 8256 MUART 's bus interface usee the standard bus 
control signals which are compatible with all INTEL 
peripherals and microprocessors. The -CS typically derived 
from an address decoder is latched along with the address on 
the falling edge of ALE. As a result, chip select does not 
have to remain low for entire bus cycle. However the data 
bus buffers will remain tri-stated unless an read or write 
signal becomes active while chip select has been latched 
in low. 

In this card the falling edge of ALE, available from 
the I/O Channel is lost by the time the buffered address 
becomes stable. Chip Select (-CS) becomes low atmost after 
63nS while the ALE goes low within 15nS w.r.t. to the 
rising edge of CLK in T1 state. Hence ALE has to be 
regenerated to meet the 8256 MUART specification. A D-f.f. 
(74S74 - Chip U2) is used to generate ALE. The buffered ALE 
signal is passed through a delay circuit consisting of few 
AND and NOT gates so that the signal set-up time is 
maintained. The D-f.f. latches the delayed ALE signal by the 
system CLK. The D input of the f.f. is high at the rising 
edge of the CLK in T1 state, so the output of f.f. (ALE’) goes 
high. During the rising edge of CLK in T2 state the ALE is 
already low, therefore the D input is low and the output of 
f.f. goes low. Thus the regenerated signal ALE’ has a 
falling edge occurring at 135nS w.r.t to the rising edge of 
CLK in Tl state. As shown in timing diagrams and discussions 
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10oG7'‘l 


from previous sub-sections. 

it 

becomes 

clear that 

-CS 

becomes active before falling 

edge 

of ALE’ 

occurs and 

hence 

ALE’ can latch -CS properly 

meeting 

the 8256 

NUART 

specification. The circuit 

and 

timing 

diagram for 

ALE 


generation is given in Fig. 4. 7 and Fig. 4. 8 respectively. 

The data buffer is to be enabled only when there is a 
I/O read or write request on the card and whenever the -CS 
is active. The -lOR or -lOU becomes available by the middle 
of T2 state but the falling edge of ALE’ is yet to occur. 
Hence if data buffer is enabled at that moment, then 8256 
nUART will latch data instead of address into its address 
latch, so we have to delay the buffer enabling till the 
beginning of T3 state. If -lOR or -lOU is applied directly 
to 8256 nUART then ALE to RD/UR set-up will not be met, 
hence -lOR and -lOU are delayed such that they become 
available to 8256 nUART only in T3 state. The minimum pulse 
width of RD/UR of 8256 HUART is 200nS. If extra wait state 
is not inserted then the above RD/UR timing could not be 
met, hence I/O CH RDY is pulled low in T2 state. 

A Quad D-f.f. (74S175) is having 4 D inputs and 1 clear 
input is used to generate the delayed buffer enable signal, 
-RD and -UR to 8256 NUART as shown in Fig. 4. 10. The D-f.f. 
is clocked on the falling edge of the CLK. The outputs of 
f.f. latches the latest information on the D-input lines, as 
shown in timing diagram (Fig. 4. 10). The output signal ENB is 
low during T1 and T2 state and is applied to Chip-UlO 
(74LS244) as shown in Fig. 4. 11 while -ENB is low during T3 , 
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TWl, TW2 and T4 is applied to data buffer Chip-U6 (74LS245) 
and -ENB’ (is logical ORing of CSl and -ENB) is applied as 
output enable to data buffer Chip-U12 in Fig. 4. 11. The 
explanation for the above is given in sub-section 4.4.3. 

The data is read by the processor or written into the 
external device by processor on the rising edge of read or 
write signal. As a result the rising edge of read or write 
is required. Hence the read signal applied to 8256 MUART is 
generated using logical ORing of -lOR and delayed version of 
it generated by Quad D-f.f.(i.e. -02). Similarly write 

signal is generated by ORing -lOU and its delay version 
(i.e, -Q3). The -RD or -UR signal applied to 8256 MUART has 
its falling edge corresponding to the falling edge of the 
delayed version of the signal from D-f.f. and rising edge 
corresponding to rising edge of -lOR or -lOU, thus taking 
care of ALE to RD/UR setup time and also maintaining the 
valid data edge for data transfer. 

4.4.3 Address-Data Multiplexer: 

As shown in Fig. 4. 11 the unidirectional buffer Chip-UlO 
is switched by signal ENB, while the bi-directional data 
buffer Chlp-U12 is enabled by -ENB’ and Chip-U6 by -ENB. 
During an I/O request for 8256 MUART, ENB will be low in T1 
and T2 state and buffered address AO to A4 will be available 
to 8256 MUART address-data lines after two buffer delay. In 
T3, TUI, TU2 and T4, ENB is high and -ENB is low which 
results into Chip-UlO being OFF and Chip-U6 and U12 being ON 
and data becomes available to 8256 MUART onto its 
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addr eea-data lines. Thus address and data have been 

multiplexed onto the same lines. 

If there is an I/O request for 8255 PPI, -CSl goes low 
in T2 state resultine into -ENB being low and -ENBl being 
high from T3 to T4 state, thus only Chip-U6 is enabled but 
Chip-U12 will stay tri-stated and data contention between 
8255 and 8256 is avoided. 

4.5 MAIN MODULE OF THE CONTROLLER: 

This module can be divided into four basic 
constituents, as follows: 

a) Clock generator circuit for serial I/O 

b) nUART and its associated signals 

c) PPI and its associated signals 

d) Interrupt generation logic 

4.5.1 Clock Generator Circuit for Serial I/O: 

The clock generator chip 8284-A requires a frequency 
source, so a crystal oscillator of 6.144 HHz is connected 
across XI and X2 pin of 8284-A. The clock output is 
available on CLK pin (one-third of input frequency) and on 
PCLK pin (one-sixth of input frequency). The PCLK is 
connected to 8256 MUART’s CLK pin to feed the five timers 
and baud rate generator. This clock is asynchronous to the 
microprocessor’s clock. The clock pre-scaler inside 8256 
nUART is a programmable divider which normalizes the 
internal clocking frequency for the timers and baud rate 
generator to 1.024 MHz. Here since the PCLK is at 1.024 MHz 
so the pre-scaling factor is set at 1. 
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4.5.2 MUART and its associated si£nal8: 

The four comnionly used peripheral functions contained 
in MUART are: a) Two 8-bit parallel I/O ports 

b) Five 8-bits count ers/timers 

c) 8-level priority interrupt controller 

d) Full duplex, double-buffered serial UART 
The detailed chip description is civen in R6f-[7]. 

Muart provides all the four conunonly used peripheral 
functions in a 40-pin DIP while retaining direct register 
addressinA, so uses a multiplexed address/data bus. The de- 
multiplexed address/data bus available on I/O channel is 
again multiplexed as described in sect ion-4 . 4 . 3 . The chip 
select signal -CS is derived from address decoder (section- 
4.3) is latched alongwith the address on the falling edge of 
re-generated ALE’ (8ection-4.4.1). The data bus will remain 
tri-stated unless a -RD or -UR is activated (86ction-4 . 4 . 2 ) 
while -CS has been latched in low and address line AO is 
also low. Uhen a RESET line gets activated the MUART is 
placed in a known initial state. 

Muart provides 5 lines for serial I/O. The two basic 
serial I/O lines RxD and TxD are used in normal fashion. 
There are two lines RxC and TxC for external clocking of 
serial data, this mode is not used. The -CTS line of MUART 
is held low and so MUART is always active for transmission. 

MUART provides two parallel I/O ports, Port-1 Is bit 
programmable for input or output while Port-2 is nibble 
programmable as well as input or output byte handshake mode. 
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In this card Port-2 is programmed into output byte handshake 
mode with two pins of Port-1 acting as handshake lines. Out 
of the remaining 6 lines of Port-1, one line is used as 
input working as -RTS line from secondary nodes, while one 
line is used as output working as -CTS line for secondary 
nodes and remaining four lines are used for serial channel 
selection. 

nUART has five 8-bit programmable counters/timers, with 
Timers-2 and 4 and Timer-3 and 5 can be cascaded into 16-bit 
timers/counters. In this card Timer-1 is used as a 8-bit 
timer for debouncing the -RTS line. Timor-2 and 4 are 
cascaded to form a 16-bit timer to do scanning of -RTS line. 
Timer-3 and 5 is again cascaded as a timer for time-out 
operation if the byte is not received. The interrupt 
function is described in 8ection-4 . 5 . 4 . 

4.5.3 PPI and its associated signals: 

INTEL 8255A contains a control register and three 
separately addressable ports, denoted by A,B and C. 8255 is 
accessed by the signal on -CS pin and the direction of the 
access is determined by -RD and -UR signals. In this card, 
the 8255 has its data bus connected to data lines of data 
buffer Chip-U6. The four addressable registers are located 
at odd locations starting from 301H to 307H, hence -CSl 
signal is connected to -CS pin of 8255 and register will be 
referred using address lines A1 and A2 . 

Port-A and B are connected as output port in Mode-0. 
They act as a parallel port for CENTRONICS Interface Line 
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Printers. Port-C is used as control and statue port for 

above printers. The upper nibble of Port-C is used as 
control or output port with two lines used for sendin£ the 
STROBE pulse to the printers. This pulse la generated using 
bit set/reset function. The other two output pins are used 
for generating automatic Form-Feed. The lower nibble of 
Port-C is used as status or input port. The two lines 
contain the level of ACKNOULEDGE pulse and the other two 

lines contain the information of printer error condition. 
4.5.4 Interrupt Generation Logic: 

The 8256 has INT and -INTA signals to interrupt the CPU 
and receive the CPU’s acknowledgment to the interrupt 
request. On the I/O Channel there is no -INTA line and 

neither is CASO-2 lines by which the 8256 can be connected 
in slave mode. Hence the HUART’s INT line is connected to 
IRQ2 line of I/O Channel and -INTA is tied to Vcc. The 
interrupt service routine will read the Interrupt Address 
Register to perform interrupt acknowledge to CPU. 

The CENTRONICS Interface Line Printers generates 
acknowledge pulse for requesting the next byte to be 
transferred. A D— f.f. (74LS741 is used to latch this 
acknowledge pulse and store the level in one of the input 
pins of Port-C of 8255. The D-input of the f.f. is tied to 
Vcc and Acknowledge pulse is connected to clock line of the 
f.f. so the output of f.f. is high whenever an acknowledge 
pulse occurs. The printer routine which serves the data 
transfer request will generate STROBE pulse on one of the 
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The 8256 MUART transmits data on its TxD pin. This data 
can be sent to any one of the secondary nodes on its RxD 
line. As a result the TxD line of 8256 MUART is de- 
multiplexed using two 1 to 8 DEMUX. (74LS138). The resultant 
signals are connected to respective RxD lines of 
secondary node. Similarly the central node transmits -CTS 
signal on one of the output port pins of Port-1 of 8256 
MUART. This signal is de-multiplexed using two 1 to 8 DEMUX, 
and resultant signals are connected to respective -CTS lines 
of secondary nodes. 

The multiplexing and de-multiplexing logic for the 4 
serial lines are addressed using 4 output lines of Port-1 of 
8256 MUART. The signals S0-S3 decides which of the 16 
channel is to be selected, thus 4 select lines acts as a 16- 
way switch. 

4.7 LINE DRIVER AND RECEIVER MODULE: 

4.7.1 Parallel I/O Line Drivers: 

The Line Printer using either DATAPRODUCTS or 
CENTRONICS Interface are based on TTL level signaling. These 
signals are sent on a flat ribbon cable from the port to the 
printer, the signals get deteriorated. To prevent the 
deterioration of the signals line drivers (INTEL 8282) are 
used. The STB line of line driver is held high so that it 
works as a transparent buffer. INTEL 8282 is preferred over 
uni-directional buffer 74LS244 due to its higher driving 
capacity. The output enable of 8282 is held high 


cont inuously . 
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4.7.2 Serial Line Drivers and Receivers: 

The serial I/O link connected between the central node 
and secondary nodes are based on RS-232C interface. The 
signal level translation between TTL level and RS-232C 
level is required. The RxD and -CTS lines are output by 
central node as TTL level, these signals are translated to 
RS-232C level usin« RS-232 Line Drivers (MC 1488). The TxD 
and -RTS lines are available as input to central node, 
these signals are RS-232 level. Hence a RS-232 to TTL 
translation is done using RS-232 Line Receivers (nC1489). 
Each line driver and receiver chips support 4 level 
converters, hence 8 such line drivers and receivers are 
required. 

4.8 INTER-CARD BUFFER NODULE: 

In the design inplenentation of Print Server, two cards 
are required. The logic consisting of Channel Buffering, 
Address Decoding, Multiplexed Address-Data Nodule, Main 
Nodule of the controller are inpleinented on prototype card 
and is placed inside the PC using one of its 1/0 Channel. 
The logic for MUX./DEHUX. of serial interface and Line 
Driver and Receiver Nodule is impleinent ed in the second card 
which is placed outside the PC. The inter-comnunication 
between the cards is obtained by using two 50-wire flat 
ribbon cable of a short length. The signals which are driven 
over this cable are buffered using buffers (74LS245). The 
circuit diagram of this module is shown in Fig. 4.19. 




Ftc,--‘ ^ J^rent- CAaj> 


OfttuiT 

















CHAPTER 5 


PRIWT SERVER : A SOFTWARE DESCRIPTION 

5.1 INTRODUCTION: 

The software block diagram for secondary and central 
node is illustrated in Chapter-3 (Section-3.3). Here each of 
the procedure will be discussed in greater detail with flow- 
charts. In Section-5.2 the secondary node software will be 
discussed and in Section-5.3 the central node software is 
described . 

5.2 SOFTWARE FOR SECONDARY NODE: 

5.2.1 Introduction: 

This section will discuss six main procedures 
forming the backbone of the secondary node software. They 
are as follows: a) MAIN_nODULEl 

b) Interrupt Service Routine for INT 63H 

c) Transmitter Routine 

d) Receiver Routine 

e) Modem Routine 

f) Error Routine 

5.5.2 MAIN_M0DULE1 Routine: 

This routine has to be invoked only once for loading 
the program into memory and making it resident. The memory 
will stay occupied until the system is initialized . Hence 
l£ this program is invoked a number of times accidentally or 
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nalicioualy without aone protection nechanian, then noat of 
the nemory apace can £o vaated and there would not be much 
memory apace left for other programs to execute. Hence to 
prevent this from happening a global flag is aet at a fixed 
memory location where it would not normally get changed till 
a system initialization takes place. During ayatem 
initialization, the vector for INT 64H in vector table 
points to an IRET instruction in memory. Since it is not 
used normally, this interrupt can be captured and vector 
table location for INT 64H (0000:0190H) can be used as a 
fixed memory location for global flag. Uhen the routine is 
invoked for the first time the global flag will have a value 
other than OFFFFH, hence the global flag value is set to 
OFFFFH. The vector table location for software interrupt INT 
63H and hardware interrupts of COH porta (IRQ-3 and 4) are 
set pointing to appropriate Interrupt Service Routine (ISR) 
defined in the program. The IRQ-3 and 4 are both set to same 
ISR because if the system uses any of the CON port for 
serial transfer then also the program should work. The 
resident portion of the program consisting of ISRs, memory 
buffers for data storage, flags and variables for conditions 
are kept in the memory using KEEP function of DOS (Function- 
31H of INT 21H). The routine terminates with the message 
"> KEEP SUCCESSFUL. 

If the global flag had been set and if this routine was 
Invoked then it will quit directly without changing anything 
but with a message " ^ PROGRAM ALREADY INSTALLED.”. 
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This routine has to be invoked only once after system 
initialization, hence this routine will be included in 
AUTOEXEC.BAT batch file. After the execution of this program 
and the remaining commands in the batch file, the control is 
restored to the command processor (COMMAND. COH) . 

5.2.3 Interrupt Service Routine for INT 63H: 

Uhenever an user wants to get a print-out using the 
PRINT SERVER, that user will issue a command 

> PRINTNET 

This will invoke software interrupt INT 63H and quits. 
In response to the interrupt, the execution of the ISR of 
INT 63H will begin. A global flag FLAG2 is checked to see if 
another print process is still being executed or not. This 
global flag is stored at vector table location of INT 65H 
(0000:0194E) . This flag is needed because the secondary node 
print queue is only 1 level deep, so once a file transfer 
begins, no other file is accepted till the previous file has 
been completely transferred. If the queue is empty the 
global flag will be set and keyboard dialogtke with the user 
will be initiated. The user will specify the file-name and 
if he requires the data transmission to occur at different 
baud rate, character length or stop bits etc. then he has to 
specify accordingly. If the user doesn’t specify any serial 
I/O specification then the data transmission will occur at 
the default specification applicable to the control packet 


transmission. 
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Once the flle-nane is specified the file is read from 
the disk and dumped into the data buffer specified in the 
memory. During the disk read any error occurring will be 
reported accordingly to the user and if the file can not be 
read then the global flag FLAG2 is cleared. As MS-DOS is not 
re-entrant and the print process is completely interrupt 
driven with a separate fore-ground task running 
simultaneously, it is not possible to re-load the buffer 
from disk during the Transmitter Interrupt Routine, so the 
whole file is read at one go before entering the hardware 
interrupt routines. Hence the file size is restricted to 
only the size of the memory buffer which is allocated. Here 
only file size of less than 58Kb will be completely 
printable, but if file size is greater than 58Kb then only 
the first 58Kb will be loaded into memory and will be 
printed. 

If the disk read had been successful then INTEL 8250 
UART is initialized and is programmed to work at default 
specifications. All the Interrupts of 8250 UART, except 
Modem interrupt, are disabled. The -RTS line is made active 
and the interrupt service routine is completed and control 
is reverted back to COMMAND.COM level. The user can do his 
normal editing work etc. . Uhen the file is completely 
transferred from the secondary node to central node then the 
user is informed by a flash message displayed at the bottom 
of the screen. The user will acknowledge the message by 
pressing a special key and then continuing with his work. 
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5.2.4 Ifoden Interrupt Routine: 

Iloden interrupt in a COM port can be generated by one 
of the four signals, when they change their logic levels. 
They are Clear To Send (CTS), Data Set Ready (DSR), Ring 
Indicator (RI) and Receive Line Signal Detect (RLSD) . Here 
since 4-line serial I/O connunication takes place, the only 
source of aoden interrupt is due to -CTS level changes. The 
-CTS signal is used for data flow control nechanisn. At the 
beginning, the secondary node sends -RTS line active and 
waits for -CTS line to becone active. The central node sends 
-CTS line active to secondary node to begin transnission. 
Uhen the buffers of the central node gets full, then to 
prevent the data overflow, a -CTS line will be made inactive 
to disable the transmission of data from secondary node for 
time-being. Hence a change of -CTS from inactive state to 
active state will indicate "begin transmission", while from 
active state to inactive state indicate "stop transmission". 
Thus a simple data flow-control is achieved. 

On entering the modem interrupt routine, the state of 
-CTS line is checked. If the signal is in inactive state 
then the Transmitter interrupt of 8250 UART is disabled, but 
if the signal is in active state then all interrupts of 8250 
UART are enabled. To make transmit interrupt operative, a 
dummy byte (’NUL’ or 'SPACE’) is loaded in transmitter 
buffer. Uhen the transmitter buffer becomes empty, a 
transmit interrupt is Invoked. 
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S.2.5 TrAnssitt^r Interrupt Routine: 

There «re two «et of packets transmitted from secondary 
node, one is control packet coneiating of 8 bytes having 
header information for central node while the other is data 
packet containing the data of the file to be printed. The 
control packet contains the user defined baud rate, 
character length and stop bits per character at which the 
data packet is going to be transmitted from the secondary 
node to the central node. The control packet structure is 
mhovn in Fig. 5. 4. The procedure for transmitting the control 
packet bytes are different from the transmission of data 
packet bytes, hence they are discussed separately and the 
flowchart is given in Fig. 5.4 and Fig. 5. 7. 

During the control byte transmission , byte is obtained 
from the control buffer (CONT_ARRAY) and loaded into 
transmitter buffer of 8250 UART using a control pointer 
(CONT^PTR). The C0NT_PTR is updated and checked if its value 
has rolled over 7, if yes, then the control packet 
transmission is over and C0NT_PTR is set to default value 1 
and a control flag (C0NT_FLAG) is set. Then the COM port is 
re-programmed according to the user defined baud rate, 
character length and stop bits per character for data packet 
transmission. All the interrupts of 8250 UART, except Modem 
interrupt, are disabled. 

During the data packet transmission, the byte is 
obtained from data buffer (DATA.ARRAY) using data pointer 
(DATA PTR) and loaded into transmitter buffer of 8250 UART. 
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Th« DATA__PTR is updstsd and checksd to see if it has crossed 
the FILESIZE /ariable (stored as a variable when disk is 
read). If the DATA_PTR has crossed it then the DATA_FLAG is 
set indicating the end of file transnission. The DATA_PTR is 
set by default to 0 and finally the transnit interrupt of 
8250 UART is disabled. 

As shown in Fig. 5. 5, the C0NT_FLAG is checked to see if 
the control packet has to be sent or data packet has to be 
sent, accordingly CONTROL or SDATA procedure is executed. If 
it was data packet transnission, the DATA_FLAG is checked 
and when this flag is reset to 0, then quit fron the 
transnitter interrupt routine, else re-progran the 8250 UART 
to default serial I/O specification so that it receives the 
MESSAGE packet fron the central node. The transnitter 
interrupt is disabled. The user is inforned about the 
successful transfer of the file fron the secondary node to 
the central node by displaying a flash nessage on the botton 
of the screen. The user has to acknowledge the nessage by 
pressing key . The global flag FLAG2 will be reset to 0 
indicating the print process is over fron the secondary node 
and so the print queue is enpty and can accept any other 
file that has to be printed. 

5.2.4 leceiver Interrupt Routine: 

The central node tinea-out after receiving the data 
packet fron the secondary node and acknowledges the 
secondary node by sending a MESSAGE packet. The nessage 
pack.t cont.in. lnfor..tion .bout th. n««b.r ot’ov.rrun'. 
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franin£', 'parity’ and 'break detect' errors occurred 
during the data packet transnission. The message packet also 
contains the number o£ bytes received during the data packet 
transmission, hence if it is less than the FILESI2E 
variable, it indicates partial successful transmission. 

On receiver interrupt of 8250 UART, the receiver buffer 
of 8250 UART is read and the byte is stored in the 
message buffer (REC_ARRAY) using receiver pointer (REC_PTR). 
The REC_PTR is updated and checked if its value has rolled 
over 7. If not, the Receiver Interrupt Routine is quit, 
else, REC_PTR is set to 0 and a message is flashed 
indicating the user about the information received regarding 
the data packet sent for printing. The user acknowledges the 
message by pressing <Y>. 

5.2.7 'Error on Reception' Interrupt Routine: 

During the MESSAGE packet reception, error can occur. 
On error this interrupt will be invoked. The status register 
of 8250 UART is read and tested to find the type of the 
error. The variables regarding the types of errors are 
updated and can be used by some Network Monitoring program 
to keep track of errors occurring during reception between 
any two system initialization moments. 

5.3 SOFTWARE FOR CENTRAL NODE: 

5.3.1 Protocol Consideration: 

The Print Server Controller will sequentially check the 
serial ports to see if the -RTS lines are asserted by any of 
the secondary node. Each serial port is allotted a time slot 
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Fig. -6-8: Flowchart Of RBce\\/e.^^ iNrt^fujf^r Routine. 
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of a certain naximum duration called 'slots'. This tine slot 
is divided into ninislots of pai ticular duration. The 
controller will sense the -RTS line at the end of each 
ninislot. If -RTS line is in active level, then the 
controller will £o for a short vacation (debounce tine) and 
cones back to check afiain if the sane -RTS line is active. 
If yes, the controller concludes that the request fron the 
secondary node is a valid one, else it neans that the 
request was spurious one occurring due to sone noise on the 
serial link. If at the end of the ninislot the -RTS was 
sensed inactive then ninislot is updated. Once the slot is 
conpleted, then the controller will begin scanning of the 
next serial port. Thus scanning process goes on. 

If the controller receives a valid request fron the 
secondary node then it sends a -CTS signal to secondary node 
to begin the transnission. The receiver of 8256 11UART will 
receive the control packet at default serial interface 
specification. The control packet is decoded and re-prograns 
the receiver of 8256 nUART into the user defined 
specification to receive the data packet. It stores the data 
byte into DATA_ARRAY and invokes the printer to begin the 
printing. If the controller encounters any error in byte 
reception then it updates the error statistics accordingly. 
If the controller doesn't receive a serial character for a 
tine interval of 16.384 sec., then it assuaes the 
transaission is over. It then transaits a MESSAGE packet to 

th« secondary node and resuaes scanning operation. 
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5.3.2 MAIN_MODULE Routine: 

.The MAIN_IIODULE Routine of central node ia very aimilar 
to MAIN_M0DULE1 Routine of secondary node. This routine ia 
executed in AUTOEXEC.BAT batch file. A filobal flag FLAG3 ia 
checked to aee if it is set (OFFFFH). If the flag is set, 
then the resident portion of program is already existing in 
the memory and so quits from the program. If not, then the 
global flag is set and vector table of IR0~2 is initialized 
pointing to the ISR provided in the server software. Then 
the program is made resident using KEEP function of MS-DOS. 
The resident portion of the program requires 64Kb memory and 
quits from the program with successful message. 

5.3.3 Scan Interrupt Routine: 

During the system initialization, the user#-0 is given 
the ownership of the time slot and the number of minislota 
used during that scanning cycle is set to 0. Uhen the scan 
interrupts occurs, the owner of the slot is determined by 
reading the select lines of output pins of Port-1 of 8256 
MUART. The -RTS line of that user channel is checked to see 
if it is asserted. If the user has not asserted the -RTS 
line, then the minislot variable (number of minislots used) 
is updated. If a certain maximum number of minislots for 
that channel is over (10 minislots per scan cycle is 
allotted to each user, each of 10 mSec duration) then the 

owner of the slot is changed to the next user in rotation 

and its minislot variable is reset to 0. If all the 

minislots for the user is not over then only the minislot 
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variable is updated. The scan tiners (Tiner-Z and 4 of 8256 
nUART) are r e-progrannied to interrupt again after 10 «Sec. 

If the user asserts the -RTS line , then it can be a 
valid or spurious request. To determine the validity of the 
request for transmitting the file, the controller will go 
for a vacation period (debounce time) and user has to keep 
the request active till then to be accepted as a valid 
request. The debounce timer (Timer-1) is programmed to 
interrupt after 10 mSec. The interrupt for debounce timer is 
enabled in 'interrupt set register' of 8256 NUART. 

5.3.4 Debounce Interrupt Routine: 

The debounce routine is meant to reject a spurious 
request for transmission. The controller checks the -RTS 
line again to see if the secondary node has still held it 
active. If yes, the request is valid and the user is given 
the right to transfer the file over the transmission channel 
by acknowledging the request by making -CTS active. The 
receiver of 8256 NUART is enabled and programmed to accept 
serial character in default specification. The receiver 
interrupt and Time-out interrupts are enabled. The time-out 
is useful so that the central node is not stuck if suddenly 
the link on which the transmission is occurring fails. 
The time-out timers (Tiner-3 and 5) are programmed to time- 
out after 16.384 sec. if no byte is received. 

If the -RTS line does not stay asserted then it is a 
spurious interrupt and hence only the minielot variable of 
the owner of the slot is updated and scan cycle is resumed. 
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The scan tinere are re-progranned to interrupt after every 
lOn Sec. 

5.3.5 Receiver Interrupt Routine: 

Whenever a byte is received froa the secondary node, 
this interrupt is invoked. The statue register of 8256 MUART 
is read to deteraine if the received byte is in error or 
not . 

If the byte read is in error then the error statistics 
about the type and number of errors is updated which would 
be finally sent to the secondary node in a MESSAGE packet at 
the end of file reception. The central node receives control 
packet of fixed size and data packet of variable size. The 
correctness of the data reception for control packet is 
highly desirable. The error statistics which is compiled for 
each file transmission is meant only for the data packets. 
Only four types of errors are recognized, they are Overrun 
error. Framing error. Parity error and Break Detect error. 
The byte which is in error is lost for ever and no duouay 
character is inserted into the buffer meant for storing the 
received bytes. 

If the bytes are received correctly, then it can be of 
control or data packet, determined by the control flag 
<C0NT_FLAG1) . If the C0NT_FLAG1 la reset (0), then it is a 
control packet byte, else byte of data packet. The central 
node keeps the control packet information of the last 32 
files that are transferred to central node from eecondary 
node, this could be useful for network monitoring, etc. Each 
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control packet is of 8 bytes, the first byte will be 0 
followed by 7 bytes containing the serial data forin..t 
infornation and the number of bytes that are going to be 
transferred in the data packet. The control bytes are read 
from the receiver buffer of 8256 MUART and stored in control 
array (C0NT_ARRAY1) using control pointer (C0NT_PTR1). The 
C0NT_PTR1 is updated and checked to see if its value becomes 
a factor of 8. If yes, then the 8 bytes of control packet 
are received and the variable associated with data packet 
transfer like number of data bytes received, number of 
errors, etc. are reset. The central node makes the -CTS line 
inactive to the requested secondary node to inhibit the 
secondary node from flooding the central node with the data 
bytes till it is ready for data packet transfer. The 
C0NT_FLAG1 is set (1) to indicate that the bytes henceforth 
received will be of data packet. The information from the 
control packet is extracted regarding the user defined 
serial data transfer format and programs the receiver of 
8256 nUART accordingly. The central node will make the last 
byte of control packet contain the information about the 
owner of the file by reading the select outputs (SO - S3) of 
output pins of Port-1 of .8256 tlUART. The 8256 IIUART is ready 
to receive data packet bytes and hence sends -CTS line 
active to enable the data packet transmission. 

As the C0NT_FLAG1 is set, the byte received is stored 
in data buffer ( DATA_ARRAY1 ) using data pointer. The data 
buffer management is explained in another section. 
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The ti®e“Out tiners (TiBier~3 and 5) are re~pro£ra 0 iined 
can tine~out if no nore byte la received for next 
16.384 sec. The tine~out interrupt Is enabled. 

5.3.6 Ti«e-out Interrupt Routine: 

On time-out interrupt occurring the central node 
concludes that the file transmission from secondary node is 
over and prepares the MESSAGE packet which will be sent to 
the secondary node containing the information of the file 
transfer. The problem can arise if the fore-ground task at 
the secondary node blocks the COM port interrupts and the 
data transmission stops for time greater than 16.384 sec., 
then the central node assumes that the data transfer is over 
and will send the MESSAGE packet. 

The C0NT_FLAG1 is reset to 0, so the next data 
reception will be of control packet. The central node sends 
-CTS signal inactive to prevent the secondary node from 
sending any more data. The transmitter of 8256 MUART is 
programmed to the default specification. The transmitter 
interrupt is enabled and a duouiy character is sent to it. 
5.3.7 Transmitter Interrupt Routine: 

The central node transmits the MESSAGE packet of 8 
bytes. This packet contains acknowledgment for the data 
packet transfer. 

The status register of 8256 MUART is read to determine 
if transmitter is the cause of the interrupt. The byte is 
read from message buffer using message pointer CMES_PTR) 
and loaded into the transmitter buffer of 8256 MUART. 



s T A RT 


TRANSMITTER CAM 
Of iNTctRUPT BV 
RBAPinCa STAtUS to, 


The Transmitter 
Of 8256 With A Byre From 
MESSAG iE UitMS 

Mes-fTR P*fNTeft. 

OPt>ATE Ke.S,.PTR 



♦ MES.fTR « 0 
Mare - CTS Inactwc 

♦ Chah6.e The OvONtML 0^ Slot 


RRE-PRoaRAH Timers 

To Interrupt After to-nS*t 
♦ Enable SCAN 4 t>isAELE 
TRANSHiTTER 1^4TERft0fT- 


E N 1> 


Fig,.- 5- 13; Flowchart f»»- Tr^shittba I^/TeRllu^‘T Rou^ke 

Ccent^^al NodeJ- 








95 



Fig,.’- 5-X^- Ftow ckart For T/me-ovt Znterrupt J?out/we 



Fla,- 5-iS - Flowchart For. Rec&ver lAnrERROi»T RouTiwe 

CceNTRAv. Mooej 






n 



Fig.. - 5-J.6 : fi.owcHA«.T /t>«. Bmoa Upsatinu. 



pTr-.-5l7: FlPO S-TRucTuee ^ Status 









97 



1 


Sto «6 Th€ RecEiviB Evt£ 

In CONT.AftRAVl U»in 4 

CQNT> ATAL PixiMTCA . 

1 

3 

r 

'Uf»DATe ConT 
It Rou,s >Ova«. 

ThM^ \/AtuB^ 

-PTAX £bcH That 
T( fc ' 0 ' On RfiACHrc 


r 



COUNT * 0 

OV 6 (R«RUN «0 


1 BefeAfcMTtPiT 

1 

BcT c « 1 

♦ Hai^ —CTS Lmg Xr^AcTiv£ 

it SToam OvNNca^x ^ Xn 8^ 
«YT£ OP COf^TROL f^CMEJ 




I ♦ Bi^TMcr t/itu 

p/ITA T«A#e#6lt XMPa. fiRDM 
OONT. RKAAVl ^ 

^266 HOART Accoamn&lV. 
[♦MaxC ^ CTS ijKC ActivC.- 


IW^ROaRAH Ti^*C'Ol /7 TjMfiti. 

To rjH£-di/T ArTSA 

I A fiHASuf 75 nE-Out InUiMm 

Qa g- 2^6 HUAAr 




E NP 


Fig*,- 5- IS* FlOU/CHAAT FJR Cowmot fACRET 


Deception v 








Chapter 5 


98 


The nES_PTR ia updated and ia checked if it rolla over the 
value 8, If yea, the neaaage packet tranamlaaion ia over. 
The trananitter interrupt and time-out interrupt are 
diaabled and the ovnerahip of the alot ia updated to the 
next uaer in rotation. The acan timers are programmed to 
interrupt after 10 mSec, thus scanning cycle gets re-started. 
5.3.8 Printer Routine: 

The card has the capability of being interfaced to 
DATAPRODUCTS and CENTRONICS Interface Line Printers. Here 
the software has been developed for only one Centronics 
Interface Line Printer, ao software developed for it will be 
discussed . 

The byte is removed from DATA_ARRAyi using printer 
pointer (PRINT_PTR) and loaded into Port-A of 8255 PPI. The 
STROBE (bit-7 of Port-C of 8255 PPI) pin is set low for 
nearly 2uS duration and then again reset to high level using 
bit set/reaet function of 8255 PPI. The STROBE pulse will 
clear the flip-flop latching the -ACK pulse. This signal 
also acts as a STROBE to the printer to accept the data 
available on Port-A pins of 8255 PPI. The buffer management 
is described separately. 

5.3.9 Buffer Hanagement: 

The FIFO implementation uses a 60Kb array to store the 
characters. There are two pointers used as indices in the 

array to address the characters: DATA PTRl and PRINT PTR. 

The DATA_PTR1 points to the location in the array which will 
store the next byte of the data inserted, while PRINT_PTR 
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points to the next byte of data which will be removed from 
array for printing. Both the variables are declared as 
word variables. The FIFO is illustrated in block diagram as 
shown in Fig, 5. 17. 

The bytes of data packets are received from Receiver 
Interrupt Routine and stored in the array location pointed 
to by DATA_PTR1. The DATA_PTR1 is incremented. Similarly the 
byte is removed from the array by Printer Routine using 
PRINT_PTR and then PRINT_PTR is incremented. Since both the 
pointers are only incremented, they must roll-over when they 
hit the top of 60Kb address space. The DATA_PTR1 and 
PRINT_PTR also indicate how many bytes are in the FIFO and 
whether the FIFO is full or empty. Uhen a character is 
placed into the FIFO and DATA_PTR1 is incremented, the FIFO 
becomes FULL if DATA_PTR1 catches up with PRINT_PTR. Uhen a 
character is read from the FIFO and PRINT_PTR is 
incremented, the FIFO becomes EMPTY if PRINT_PTR catches 
with DATA_PTR1. If the FIFO is neither FULL nor EMPTY ,then 
it must be INUSE. A variable called BUFFERSTAT, is used to 
indicate one of the three status condition of FIFO. The 
software uses the BUFFERSTAT to control the flow into or out 
of the FIFO. Uhen the FIFO is EMPTY, the printer is disabled 
from putting any request for data to print. Uhen the FIFO is 
FULL, -CTS must be made inactive so that no more data byte 
will come and cause a buffer overflow. If the BUFFERSTAT is 
INUSE status, then -CTS line is active and printer request 
stays enabled. 
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The flowchart of data packet reception part of Receiver 
Interrupt Routine ia shown in Fi«.5.19. The received byte is 
atored in the FIFO (DATA_ARRAY1) using DATA_PTR1 and 
*^ATA_PTR1 is updated and checked to see if it has hit the 
top of 60Kb address space. If yea, then DATA_PTR1 is reset 
to 0. The BUFFERSTAT is checked to see if it is EMPTY. If 
yes, then a NUL character is dumped into Port-A of 8255 PPI 
and a STROBE pulse is generated and BUFFERSTAT is set to 
INUSE condition. If the BUFFERSTAT wasn't EMPTY, then 
DATA_PTR1 ia checked to see if it equals PRINT_PTR. If both 
the pointer becomes equal, the BUFFERSTAT is set to FULL 
condition and -CTS line is made inactive to inhibit the 
secondary node from transmitting for time being. The time- 
out timers are disabled to prevent false time-out alarms 
occurring, when secondary is prevented from sending any 
byte. 

The flowchart of the Printer Routine is shown in 
Fig. 5. 20. After the byte is read from the FIFO and loaded 
into Port-A of 8255 PPI, the PRINT_PTR is updated and 
checked to see if it has hit the top of 60KB of address 
space. The PRINT_PTR is rolled over if need be. The 
BUFFERSTAT is tested to determine if it is FULL,. If yes, 
then it is checked to see if atleast 2KB buffer space is 
available in the FIFO. If this ia also true, then the serial 
data reception ia re-enabled by making -CTS line active and 
so buffer can again fill up. The BUFFERSTAT is set to INUSE 
state, the time-out timers are programmed to time-out after 
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16.384 aec., Receiver interrupts and Time-out timer 
interrupts are enabled. 

If BUFFERSTAT was tested to be not FULL, then PRINT_PTR 
is checked to see if it has become equal to DATA_PTR1 . If 
yes, the BUFFERSTAT is set to EMPTY and printer request is 
disabled by making STROBE line continuously low, so that the 
Flip-Flop used for latching the -ACK pulse from the printer 
stays clear. 

5.3.10 Check Routine: 

On interrupt request on IRQ2 line, this routine is 
invoked. The interrupt address register is read by CPU to 
acknowledge the interrupt request of 8256 MUART. The cause 
of the interrupt is also known by reading the interrupt 
address register. As shown in Fig. 5. 21 the interrupt address 
register is checked to see if Receiver, Transmitter, Time- 
out Timer, Scan Timer or Debounce Timer is the cause of the 
interrupt. After servicing the 8256 MUART interrupt, the 
Port-C of 8255 PPI is read to see if ACKNOWLEDGE bit is set. 
If yes, the printer routine is executed. Thus the printer is 
serviced in a polled node. In the end End Of Interrupt (EOI) 
command is given to 8259 PIC to be able to service later 


interrupts . 






CHAPTER 6 


CONCLUSION AND RECOMMENDATIONS 


6.1 CONCLUSION: 

The present work is intended to design and implement a 
Print Server on IBM PC/XT. The Printer support like 
CENTRONICS and DATAPRODUCTS Interface for Line Printers and 
RS-232C Interface for Serial Printers are implemented and 
tested by simulation. The software support for CENTRONICS 
Interface Printer was implemented using L A T Dot 

Matrix Printer. The testing was done with only one secondary 
node attached to the central node, but the result stays 
valid till 16 such nodes are connected. The files of size 
less than 58kB was transferred properly at baud rate ranging 
from 300 to 9600 baud. The Print Server software at central 
node and secondary node were running as the background job 
and users were able to do their normal editing work etc. in 
the fore-ground mode. The present work lacks a user friendly 
menu . 

6.2 RECOMMENDATIONS: 

6.2.1 Hardware Level: 

To improve upon the response time for the request from 
the secondary node, separate processor can be used with RAM 


and EPROM so that the 

8086 CPU of 

IBM 

PC/XT is 

not 

overloaded. This scheme 

is costlier 

in 

comparison 

to 
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to the preaent achene. The addreaa-data aiultiplexing logic 
will not be required becauae the 8068 proceaaor’a addreaa- 
data bua could be directly connected to 8256 MUART. The RAM 
can be of aize 128kB to 256kB to provide for the file aize 
of length greater than 58kB but ahould be leaa than the RAM 
aize to be printed. The card will connunicat e with PC 
through I/O Channel uaing interrupt linea when it wanta to 
uae PC reaourcea like diaplay, keyboard etc. Then the firat 
and aecond card of the present veraion can be unified into 
one card and houaed in a aeparate box and connected to PC 
through a flat ribbon cable and connunicat ing through I/O 
Channel of PC. 

6.2.2 Software Level: 

The aoftware for DATAPRODUCTS Interface Printer and 
Serial Printer can be written and the uaer can be given the 
option of different printera. The menu for Print Server 
could be aade nore uaer friendly and other featurea like 
diaplaying the print queue atatua of the Central node, 
deleting the print requeat fron the print queue, providing 
priority for auperuaer. The central node and aecondary nodea 
are connected in a Star Topology with full duplex 
connuni cat ion channel available between the central and the 
aecondary nodea, thia can be utilized to provide for file 
tranafer facility fro* one aecondary node to another 
aecondary node via central node. 
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APPENDIX-A 


CALCULATIOW OF AVERAGE WORST CASE DELAY 
fOR A RESPONE FROM CENTRAL NODE 


As shown in Fig.l, if userfl transmits a file, the time 
taken by that node using the central node’s communication 
channel is: 


*1,1= “1,1*® + « + Xi 1 + A + B (ean.tl) 

(first term on right side is Scanning time, next 
term is Debounce time, next is data receive time, 
next is Time-out of reception time and last term 
is message packet transmission time.) 

where 5 = minislot interval. 

“1,1 = number of minislots required till -RTS is 
sensed active during scanning phase. 

1 <= ni,i <= N. 

N = maximum number of minislots permitted to 
each user in a scanning phase. 

Xj^^l = time to receive a file from sending node. 

(which include the time buffer is full and 
transmission has to be stopped.) 

A = constant reception time-out time required 
for concluding the recption is over. 

B = constant time required for transmitting 
the HESSAGE packet to secondary node. 

Similarly for transmitting FilefZ from same user, the 

time used on communication channel is 

*12= “1 2*® ^ ^ Xj^ 2 ^ A + B (©qn.^2) 

Now a constant term 2 = A + B + 

The time used of communication channel when file#k is 


sent by user#! is: 
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<:i,k= + Xl.k * Z (eqn.#3) 

The average tine used by userfl if it is sending file : 
ti = ni*« + Xi + Z (eqn.#4) 

where n]^ and are the mean number of minislots 

required before -RTS is sensed active and average time 
for file reception. 

If the user is not sending a file, the central node 
will scan its -RTS line for the whole scan duration. In that 
case the time used by the user is: 

ti* = N*« (eqn.#5) 

Now for usertl, the duty cycle (number of file 
transmitted per scanning cycle) with which a file is transm- 
itted is ’fi’ (0 <= f^ <= 1). As a result the average time 
the userfl is using the central node's communication link : 

Ti = fi*ti + (1 - fi)*ti' (eqn.#<) 

Using (eqn.|4) and (eqn.#5) in (eqn.#6) 

Ti = fl*[ ni*« + Xi + Z ] + (1 - fi)»t N*4 ) (eqn.#7) 

= N*« + fi*[ ni*6 + Xi + Z - ] 

= N*4 + fi*ni»« + fi*Xi + fi*Z’ (eqn.fS) 

where Z’ = Z - N*« 

Similarly, the average time used by the user#2 is: 

T 2 = N*4 + f2*n2*4 + ^2*^2 * (eqn.#9) 

Hence the average time used by any user is: 

T = ( Ti + T2 + + Tn ) / * 

where 'm' = number of user node in the system. 

T = N*« + fi*[(Efi*ni)/ml + ( E f i*Xi )/m + Z ' * ( (I f i ) /m] 
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Now F = CEfi*ni)/iB = mean number of minislots required 

by users during scanning cycle. 

G = (Efj^*Xj^)/m = mean time required for a file to 

be get transmitted from secondary 
node to central node. 


f = (Efi)/m 


average duty cycle of the system. 


T = N*6 + F*6 + G + (Z - N*«)*f 


(eqn.#10) 


= (F*« + G + Z*f) + (1 - N*6)*f (eqn.#ll) 

(the first term is the communication channel 
time usefully utilized and second term is the 
channel time going as waste.) 


The average worst case delay ’T^' for any response is 


when -RTS line is raised slightly after the scanning slot of 
that user is over and the scanning slot of next user begins. 
Td = (m - 1)*T (eqn.#12) 



RESPONSE TiMe OF USER#! FILE XS TRANSFtfcEO} 



{JTF NO FUe IS TRARtfERieii}. 

Fig-I'. Rbsponsb T.me Op A User 
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Appenjiix B : Software Listims, 


#in elude <stdio*h> 

#in elude <dos.h> 
tinelude <stdlib.h> 

Jinclude <fentl.h> 

#inelude <sys\stat.h> 

char ibuffer C 2048 3,obufferC 30003- ' 

char nameC 803 ',name 1 C 803 ,htC 403 =iOx 1 b!ox 44 , 0 > vtC 403 forAm-rr>-> u V 

int hand 1 =- 1 ,hand 2 =- 1 ,byte 1 =- 1 ,bvte 2 =-i 2,’ f 

long fp1=0,fp2=0; ^ »si^e1 2048, size2-3000, hands, hand4; 

/* routine for escape sequence look-up table*/ 
conversionO ^ taoie*/ 

< switeh(d) 

<■ ease Oshorizon (); break? 

^^^^'^erCjD=0x4d?break- 

ease S-i'f ( s e t b— =0 ) ‘CobU’ff'erriTssnv-if-e j._t. • i. r. n ^ . 

else ^obuff erCj3=0‘<1fa-+-+-i -nf- 3=0x45? setb =1 

ease 3 = ~-j?break? '°^^^^e'^Cj3=0x46?setb=0?>break? 

:::: 

case 6!obufferCj3=OxHO!break! 
case T ! obuffe rCj 3=0x7f f break f 
case 8!obufferCj3=OxOSf~colfbreak- 
case 9 = obufferCj3=Ox09,-col=1*col + (8-(col-/.8)). break- 
case 'IO:obufferCj3=OxOa;++rowjbreak; 

case 1l!breakj/* special*/ 

case 12! obuf f erCj 3=0x0c j co 1=1 ; row=0,++page j break • 

case 13!obufferCj3=0x0djcol=l;breakf ^^'‘"'eak, 

case 

case 17s — j? break? 

18: — j? break? 

19:if (setu== 0 ) x^obuff erEj3=0x1b?++j ?obuf ferCj3=0xEd? 
++J?obufferCj3=1?setu=1?> 
else 'Cobuf f erCj3=0x1b?+*f J ?obuf ferCj 3=0x2d- 
'0^u^^erCj3=0?setu=0?>break- 

case HO: If (sett==0) •CobufferCj3=0x1b?++j.obufferCj3=0x53- 

++j ?obufferCj3=0?sett=1?> 

^ J ^ ? ■^'+'3 7 obuf f e r C j 3=0'<54 ■ <;» 1 1 -o 

case 22 :if (setv== 0 ) CobufferCj3=Ox1b;++j;obufferCj3=Ox53- 

++j ; obuf ferCj 3=1 jsetv=1;J 

case 23:-jrbreak5"^ f obuf ferCj 3=0x54, setv =0 

H4: strike (•) f break ? /*s pec ial*/ 

H5s — j? break? 

case 27!++i;obufferCj3=ibufferCi3 J++i ,++col,-break, 
case 46:{if (col==1) selectC)? 

J J. ■.. 1 . '*■ °^^^f®'''^J3=ibufferCi3 & 0x7f ,++col ,- J} • break ■ 

default. 0bufferCj3=ibufferCi3 & 0x7f f++col : break ■ > -hi'eak, 

++ij++j;} 


ease 

case 


case 

case 


/#iTiove cursor to fixed position-w-/ 

.-v mode^/ 

rJ* /#bold character-^-/ 

i>etween printing-Jt/ 

.> /^double strike character^f/ 

^Liilt not provided#/ 
/^phantom space as SPACE charactei 
/#phantom rubout character#/ 

/#back space#/ 

/^horizontal fixed tab#/ 

/#line feed#/ 

/#not provided#/ 

/•form feed*/ 

/•carriage return*/ 

P''^’^ting in PICA mode*/ 
/•binding space*/ 

/•custom built not provided*/ 
/•custom built not provided*/ 
/•underline character*/ 


/•superscript character*/ 

?> break? 

/#subscript character#/ 

?>break? 

/*custom built not provided#/ 
/#strike“Out words*/ 

/#italics or color not provided#/ 
/#graphics character set#/ 

/#dot command if column no, is 1#/ 

/#normal character#/ 


h^rJzonO position*/ 

< °b';‘TferCj3=Ox1bj++jjobufferCj3=Ox44,++j;++i,obufferCj3=ibufferCi3 & 0x7f 
++J f obuff erCj3=0,++j ;obufferi:j3=0x09, sendht( ) ; J Ox7f, 

/•Routine for restoring the original horizontal tab position*/ 

sendht() 
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< int k=Oj 

if (htCkD!s=0) { ++j-obufferCj3=htCklj++k?> 
else -C ++j ; obuf f erCj 1=0 j >> 

/•^Routine for striking out the word-K-/ 
strike ( ) 

< ++i;while ( ibuf f 6rCi3 ! =0x24 II 0xa4 ) { ibufferCia=ibuff erCi3 & 0x7t; 

obuf f erCj 3-ibuf f erCiO ;++J f obufferCj 3=0x08 f++j sobufferCj3=0x2d;++i f ++j ; >> 

/^•Routine for dot commands#/ 
select ( ) 

{ int f,g,k=0; 

++i;ibufferCil=ibufferC:il & 0K7f j f=ibuf f erCil ? 

switch(f)f case 66: if (bidir==0) Cobuf ferCj l=0x1bj++j ; obuf fe rCj 1=0x55; /^bidirectional printing#/ 

++j ; obuf fe rCj 1=1 ; bidi r=1 ; > 
else CobufferCjl=Ox1b;++j •obufferi:jl=0x55; 

++j ; obuf ferCj 1=0; bi dir =0?> 
while (ibuffert;i-1l!=0x0d !! ibuf f erCil !=0x0a) 

< ++i?ibufferCil=ibufferCil & 0x7f ;>break; 

case 67:++i-if ( i buf f e rC il==0K57 II 0xd7) f++i ? g=ibuf f erCil & 0x7f? 

if (g==24 I! 20 I I 17 I I 15 I I 12 ) /#character width definition#/ 

Cobufferi:jl=Ox1b;++j ? ObufferCj l=0x50?> 
else C if (g==10 118) 

CobufferCjl=0x1b;++j ; obuf f e rCj l=0x4d? > 
else C if ((g==6) !{(g==5) 1 I ( g== 4 )) 

CobufferCjl=Ox1b;++j ; obuf f erC j l=0x0f ; >>> 
while (ibtifferCi-"11!=0x0d 11 ibuf f erCil ! =OxOa) 

f++i;ibufferCil=ibufferCil & 0x7f ; >>break ; 

case 70:++ijif (.ibuf f erCil==0x4d I! Oxcd) /#footing margin or footing text#/ 

C++i ; ffn=ibuf f erCil & 0x7f ? sendvt ( ) ? 
while (ibufferCi-11!=0x0d IJ i buf f erCil ! =OxOa) 

’£++i?ibufferCil=ibufferCil & 0x7f;>> 
else if (ibufferCil==0x4f IS Oxcf) 

<:++i5ibufferCil=ibufferCil & 0x7f? 
while <ibufferCi-1l!=OxOd .II ibuf f erCil ‘ =OxOa) 

■Cf oCkl=ibuff erCil ;++i j^+k 5 
ibufferCil=ibufferCil & 0x7f?> 
foCkl=0;>break; 

case 72!++i«if < ibufferCil==0x4d !! Oxcd) /#heading margin or heading text#/ 

C++ifhm=ibufferCil & 0x7f ? sendvt <) ; 
while (ibufferCi~1l!=0x0d II ibuf f erCil !=OxOa) 

C++i;ibufferCil=ibufferCil & 0x7f?>> 
else if (ibufferCil==0x45 II 0xc5) 

■C++i j ibuf ferCil=ibuff erCil & 0x7f? 
while ( ibuf f erCi*-1l ! =0x0d II ibuf f erCil !=0x0a) 

CheCkl=ibuf f erCil 5 ++i ?++k ? 
ibufferCil=ibufferCil & 0x7f;> 
heCkl=0; >break; 

case 73: while ( ibuf f erCi~1l !=OxOd I I ibuf f erCil ! =0x0a) /#comments not to be printed#/ 

■C++i ; ibuf ferCil=ibuff erCil & 0x7f;>break; 

case 46: while ( ibuf f erCi-11 !=0x0d I! ibuf f erCil ! =0x0a) /#comments not to be printed#/ 

•C++i j ibuf ferCil=ibuff erCil & 0x7f;>break; 

case 76: ++i;if ( ibuf f erCil==0x48 11 0xc8) f^+i ?g=ibufferCil & 0x7f; 

obuff erCjl=0x1b;-»-+j ;obuf ferCjl=0x33;++j ;> /#line density per inch#/ 
switch<g) f case 24:obufferCjl=Ox6c;break; 

case 20:obuf ferCjl=0x54;break? 
case 18:obuf ferCjl=0x53;break; 
case 16: obuf ferCj 1=0x48; break ; 
case 12:obufferCjl=Ox36;break; 
case 10:obuf f erCjl=0x2d;break; 
case 9:obuf ferCjl=0x28;break; 
case 8 : obuf fe rCj 1=0x24; break ; 
case 7:obuff erCj l=0x20;break; 
case 6:obuf f erCjl=0x1b;break; 
case Ssobuf ferCjl=0x16;break; 


m 



default :obuf fern jD=Ox 1b 5 break j} 
while (ibufferCi-13!~0j<0d J{ ibuf f e rCi3 ! =OxOa ) 
f++i ? ibuf f erCi3=ibuf f erCi3 & 0x7fj>break? 

case 77! ++ijif ( ibuf f erCi 3==0x42 !! 0xc2) /^-top or bottom margio-J*^/ 

f-f+i jmb^ibuf f erCi3 & 0x7f ? sendvt ( ) j > 
else if ( ibuf f erCil==0x54 i! 0xd4) 

C++i jmt=ibuf f erCi3 & 0x7f ? sendvt ( ) ? > 
while (ibufferCi~13!=OxOd Jl ibuf f erLi3 !=OxOa) 
f+*f i j ibuf f erCi3=ibuf f erCin A 0x7f?>break? 

case 80! ++i;if ( ibuff erCi3==0x41 !l 0xc1) /#page length or page break-**-/ 

<+•+•1 ? text=ibuf f erCiO A 0x7f ; sendvt C ) j > 
else if ( ibuf f erCi3==Ox4c li Oxcc) 

f++i ; pl=ibuf f erCi3 A 0x7f ? sendvt ( ) j > 
while (ibufferCi-13!=0x0d ibuff erCiO !=0x0a) 

f++i?ibuffer[:i3=ibufferCi3 & 0x7f;>break? 


default 5 break; >> 

/•itroutine for adjustment for vertical tab settings*/ 
sendvt ( > 

{ int n1,n3,n4,nS; 

n 1=mt-hm ; n3=: p 1 -mt-mb ; n4=mt+n3 ; n5=n4+f m ; 
if (text>n3) text=n3; 

obufferC:j3=0Klb;++j ;obuf ferCj3=0x42;++j jobuf f erCj3=n1;++j ? 
obufferCj3=mt;-+"i-j ?obuf ferCj3=n4;-*-+j -obuf f erCj3=n5?++j ; obufferCj3=0?> 


inpout < ) 

{ while ( ibuf f erCi3 ! =0) -£d=ibuf f erCi3 ; d=d A 0x7f ? printf ( “\n y.x“, d) ; conversi on ( ) ? > 
printf(*'\n display") ;j=0? 

while (obufferCj3*=0> -CprintfC'Nn y.x,7.d",obufferCj3,row) ;-4-+j ;> 

printf <"\n >Cd,7.d,7.d,y.d,7.d,%d",fm,hmymb,mtrtextr pi > ?> */ 

/^Routine for opening a file*/ 
file_open<) 

i printf ("\n file name 
scanf ("%s",name)? 
hand1= open (name,0_RD0NLY) ; 

> 

/♦Routine for reading a file and loading into a fixed size buffer-**-/ 
f i le_read< ) 

-C byte1« read(hand1 , ibuf fer, 2048) f 

if (byte1 <«0) i if (byte1===0) size1=byte1? 

else printf("\n error while reading")?! 

else size1»byte1? 

> 

/-^Routine for creating a new file for writing-*^/ 
file_creat<) 

C int ch,t«0? 

ch»nameCt3? , 

whi le ( ch *«* - • ) Cif (ch!“0) {if (t<=77) {name1Ct++3=ch? ch=nameCt3?> 
else break?} else break?! 
namelCtO®* - ’ inamelCt-flO-’ p* ?name1Ct+23=0? 
hand2= creat (namel ,S_IREAD i S^IWRITE); 

! 

/-**Routine for writing into a file from a buffer*/ 
file_write() 

{ byte2=write(hand2,obuf f er , j ) ? 

if (byteE»=”1) printf ("\n unsuccessful write")? 

! 

/♦Routine for whole operation to work*/ 
main() 

{ int k»0f 

while (handl**-!) file_open(); 
while (handE»=*«“1 ) f ile_creat ( ) ; 
sendvt () f++j ?obuff erCj-*-+'3=0x0c ; 



While (si 2 ei!==o; 
i fi le_read( ) 5 wh i le (i<size1) 

■Cif (rpw~=0) Cobuf ferCj++I]=OxOb; whi le (heCkII!=0) 

obuf f e rCj++D=heCk++D ? obuf -f erCj++3=0x0b j row=-1 ? k=0? > 
else if (row<=teKt ) •Cd=ibuf f erCiD ?d=d & 0x7fji 

conversion ( ) ; > 

else iobuf f erCj++J=OxObj: -Cwhi le CfoCkIl!=0) 

obuf f erCj++I]=f oCk++i j obuf f erC j++D=OxOc ? 
row=0? k=0; col=1 ?++page; > > 

> 

f ile_write( ) ; i==0? j=0;f pi = f pi+sizel ; f pi=l seek ( hand 1 ,f p1 ,0) ; 
fp2=fp2+byte2?fpH=lseek(hand2,f p2,0) jprintf ("\n Xd",f p2) ? 

> 

hand3“Close (hand1 ) ? hand4=close (hand2) ; 

if (hand3==~1 !! hand4=:=-“1) printf("\n /Cd, %d" , hand3r hand4 ) ? 
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